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INTRODUCTION. 


The following are an attempt at easy practical 
lessons for Indian Schoolboys. To go throngli the 
course once will need from seventy to one hundred 
hour’s work, and this should be so arranged that 
the practical class is of two liours’ duration. Stu- 
dents will then in nearly every case be able to 
^either complete their experiments or leave their 
apparatus ready for work so that the experiment 
can be completed in the following lesson. 

The attention of teachers is specially directed to 
the importance of well-kept laboratory note books. 
In these a detailed account of all experimental 
work must be written by the students as the work 
proceeds. “Fair copies ” should never be permitted. 

Mistakes should be pointed out by the instructor 
and rectified by the pupil. Failure in an experiment 
should always be made the occasion for deducing tlie 
cause of failru*e and faith full 3^ recorded. Laboratory 
note books should be kept by the instructor and 
handed out at the beginning of a class. They will 
be inspected when possible by departmental oflScers, 
and invariably by examiners. 
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CHEMISTRY EOH IHHIM SCHOOLS. 


I.- APPARATUS. (1) 

In classes VII and VIII, you have seen many 
chemical experiments. Some of these experiments 
you have helped to perform ; others you have only 
watched. 

Experiments in Chemistry are valuable for two 
reasons. The first reason is that each experiment 
teaches some fact about the substances with which 
it is made. The second reason why an experiment 
is valuable is that it teaches students how to use 
and make apparatus , and how to use their hands 
and eyes properly and well. 

In the present course each boy must perform 
all the experiments for himself. Nearly all the 
great discoveries in chemistiy have been made by 
chemists who used simple apparatus which they 
made for themselves, so you must not think that 
because your laboratory is not a large and grand 
one, or because your apparatus is homely and sim- 
ple, you cannot perform your experiments properly. 
That would be a great mistake. 
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To cut glass tubing- — Take a shaip ti'iangular 
file ; hold the glass tube flat on the table, and with 
one edge of the file make a scratch on the tube. This 
should be done by drawing the file across the' tube 
once, pressing gently with the file at the same time. 

Now pick up the piece of tubing. You will 
find that the file has made a little nick^ where it 
scratched the glass. A little of the glass has been 
rubbed away. Hold the tube with the scratch away 
from j’ou and with your thumbs towards your bod}'' 
as shown in the illustration. 



Fig.l. 

Gently push the tube with the thumbs and pull 
with the hands so as to open the sci’atch wider, as 
if jm!! were trying to break the glass very much in 
the same way as you would break a stick. The tube 
will break quite neatly and cleanly at the scratch. 

To round the edge of a glass tube.— Light your 
spirit lamp and hold one of the pieces of glass 
which you have cut so that one end is in the flame. 
Do not hold it too low in the flame. The hqttest 
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part of the flame is near the outside edge dr -at the 
top, and that is the part in which your glass should 
he heated. Turn the tube round and round slowly 
as you heat it. You will And 'that jn a minute or 
two it begins to get red-bot, and to colour the flame 
of the spirit lamp - yellow. Heat it^ for a, minute 



longer, then remove it from the flame and allow it to 
cool slowly.' When it is cool, compare the part you 
have heated with the end of a tube uhich has not 
been heated. The former has a smooth, round edge, 
but the latter has a rough, sharp edge which might 
cut any rubber tube into which it was forced.’ 
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After cutting ofE a piece of glass tubing to use, 
you should always round the edges as described 
above. The rough edge is slightly melted and 
becomes smooth. 


I.— APPARATUS. (2) 


To bore a cork- —To make a hole in a cork, a 
special tool is used which really is a hollow brass 
or steel tube. This is called a cork-borer. 


These are genei-ally 
inside another,. 


made so that several fit one 



Fig 3. 


Now suppose you wish to fit your glass tube 
whose edges you have just rounded into a cork. 
Lay the tube down on a flat table and place close 
beside it a cork-borer which seems about the same 
diameter. Now compare them carefully. If the 
cork-borer is wider than the tube, you must take 
another one. The cork-borer must always be 
exactly the same bore as the tube or just a little 
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smaller in bore. If it is wider, the tube would be 
loose in tbe cork and not air-tight. 

When you hare selected the right cork-borer, 
you must sharpen it with a file. This you do by 
gently rubbing round the edge of the borer till it 
is sharp. If the edges get bent inwards, they must 
be forced out again by putting a conical wedge of 
iron or brass in from the cutting side of the borer 
and turning it round and round with gentle pres- 
sure till the edges are circular again. 

It is very important for the cork-borer to be 
sharp and circular. 

You have now selected the right borer and 
sharpened it. The next thing is to bore a hole in 
the cork. Some cork-borers have handles, but most 
have a little steel rod which passes through a - hole 
at the top of the borer. This rod should always 
be inserted before boring. It then acts instead of 
a handle. Take the cork in your left hand and 
the cork-borer in the right one. Begin to bore a 
hole in the middle of the cork by pressing on the 
borer and turning round at the same time. Be 
^ ery careful to see that the borer is kept perpendi- 
cular to the cork or else the hole will not be straight. 
When you have bored three-quarters of the way 
through the cork, remove the borer. Yery likelv 
a little cylinder of cork will come awav inside the 
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bdrer, aiul if so j’^ou must remove this by .piishing 
the rod through the borer. Then turn the cork 
round and begin to bore from the other end to 
meet the hole .you have made. Tins prevents the 
cork from being torn at the ends as it might be 
if the borer was pushed right througli. 

To soften a cork-— Corks are generally hard. If 
you try to fit one into a wide tube or flask, you will 
find that you have to use considerable force to make 
it fit properly, especially if yon take a cork of the 
right size. A cork can very easily be softened, and a 
cork wliich seems too big to fit the tube before it is 
softened, often is just right after it has been softened. 

Take a tube and a new cork which is just too 
large to fit the tube properly, that is, a cork whose 
narrow end will just go into the tube, but which 
will not go half its length into the tube. Then 
roll the cork under your foot on the floor for a few 
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u 

2. 


3. 



2 and 2 hadly Mtlng: cork** 3 troll Hitlng cork. 

Fig. 4. 

seconds pressing with your foot as you roll it, ■ You 
will find that the cork becomes much softer, and 
that after being rolled -it will lit the tube properly. • 



( 7 ) 


Fitting’ a tube into a cork. — Before you bore the 
coA for the glass tube you must always soften the 
cork. If you tried to soften it after boring it, you 
would be sure to split . or break the cork. lABien 
you have bored the coi’k, jmu must alwa3^s be sure 
to round off the edges of the glass tube by melting 

i t * 

in the flame as already descidbed. Then take the 
tube in one hand and the cork in the other and 
twist the tube found and round, gentljy pressing it 
into the cork at the same ’time. 

i • ' 

, The tube must fit quite .tightly into ' the cork, 
but if your hole .is too sinall, .it may be enlarged a 
little by gentW tuiming a round file in the hole till, 
it is large enough. i 

• If your hole is rather small and jmu have not 
carefully, rounded the edges of the tube, the glass 
will tear the cork. 

Now fit a- cork into a test tube,.. softening it 
carefully. Then select a piece of glass tubing and 
fit up a piece of apparatus as in the figure. 

Ascertain whether your apparatus is 
air-tight by blowing down the glass tube. 

If there is any leak, find out where the 
leak is, and fil another cork up property.. 

You must never try to stop xip a leak bj^ 
bits ; of paper or wax. Such Avork is 
slovenly and always unsatisfactory. 
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III. -APPARATUS. (3) 

To bend a glass tube.— When glass is heated it 
becomes soft. Take a piece of thin glass tubing and 
hold it in tlie flame of an ordinarj’^ spirit lamp, so 
that it becomes hot about three indies from tliecnd. 
As it becomes red-hot, tlic glass softens and will bend 
through its own weight. If you try to bend it with 
your fingers you will find you can do so easily. 

It is often necessary to bend lubes for chemical 
work, and there is a right way and a wrong way 
of doing so. The wrong way is the way you have 
just tried. 

First, 3'OH must remember that tchenevei' j'ou 
heat a glass tube, or anj’’ vessel made of glass, you 
must apply the heat very gradually or else the glass 
will be liable to crack. 



Fig 0 

Secondly, when a tube is to be bent, it is neces- 
sary to hea,t as much of the glass as possible. If 
only a little is heated, the glass gets stretched on 
the outside of the bend and thickened on the inside. 
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A bend of that kind is always ready to break, 
if it is heated or dropped. 

Thirdly, remember that tlie glass must be 
beated evenly and so you must turn the glass 
round and round in the flame while you are heating 
it. Tf it is not heated evenly when you bend it, 
the hot parts will stretch and bend, but the cooler 
parts will not do so so I’eadily, and the bend is 
made of unequal thicknesses and so again it will 
be liable to break. 

The best flame for bending a glass tube is a 
thin wide one. A spirit lamp 
with a flat wick about 2 inches 
wide does very well. Such 
a lamp can be made by any 
coppersmith. Hold the tube 
between the fingers and 
thumb of each hand and heat 
it in the middle. You must 
keep it revolving slowly b^^ 
means of j^dur fingers, all the 
time yon are heating it, and alwaj^'s keep it turning 
in the same direction. When it is soft enough to 
bend easily, take it out’ of the flame and bend it 
slowly to a right angle. Then hold the bend over 
the flame for a few minutes, so that it will not cool 
too quickly. A good bend should look like fig. a. 
A bad bend looks like fig. h. 
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f T.O' draw oat glass' tubing— Heat* a piefee' oi 
tubing in the ordinary lamp till it is quite soft ; 
bold it just as if-j^-ou were going to beat it' for 
bending and keep it revolving continually. When 
soft remove it from tbe flame and 'pull tbe two' 
ends apart slowly. Keep a pull on tbe glass till 
it becomes quite bard. 





' . Fj^. 8. 

It\\illtb'en appear as in tbe' figure. Make a- 
scratch indhe m'iddle of the thin drawn out ■portion • 
and break the tube at that point. Ton will 'then'. 
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liave two, jets. - If ’ you piill- too quickly' the-^soft 
glass , mil become ' too thin ' and you will riot ■ be 
able '’to bold tlie tube rigid. till the glass has become 
hard. • You will then get jets which are of' ai bad 
shape because the hot glass •will bend as in the 



Bad jet. 
Fig. 9. 


figure. The same will happen if the glass is 
heated unevenly. 

IV.— APPARATUS. (4) 

To make a -wash bottle.— Get any bottle of about 
400 to 600. c. c. capacity with a round neck about 
three centimetres in diameter. . Such bottles . can 
be bought in 'any large bazaar. Those; used', to 
hold caustic soda and certain patent foods' djj veiy 
well. .Then fit the .bottle -with a good, sojarid cork. 
In the cork'bore two holes parallel to one another 
to take two glass tubes as - previously '* directed. 
One - of these tubes should be 15 c. m. Idng and 
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bent as in the figure (a), the other must be long 
enough to reaclx to the bottom of the bottle, pass 
through the cork and project about 10 c.m. above 
the cork. It should be bent as in the figure (h). 



Fig. 10, 


When you have bent this last tube, cut off from 



the short end about 5 centimetres. 
Then round the ends of both tubes 
and fit up the apparatus as in 
fig. 11. At the end of the long 
tube you must fasten one of your 
jets b}’" means of a short bit of 
rubber tubing. The glass tube 
must fit into this quite tightly. 

This is called a wash bottle. 


Blow into the short limb and a jet 


Fig. 11. 
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of water will be blown out from the longer limb. 
This is used for washing many things and for 
delivering small quantities of water. Since the 
jet can be moved about, it is very useful, be- 
cause the water can easily be blown out in any 
direction. 

If a larger quantity of water is required, the 
bottle is inverted and water poured out at the 
short tube. 

To make a tripod stand. — Take some stout iron 
wire and cut it into 3 lengths each 42 centimetres 
long. Bend each of these lengths as' shown in the 
figure so that each leg is Ifi centimetres long. 



Fig. 12. 

To bend the wire, you must use pliers. Hold 
the wire tightly in the pliers at the place where 
you wish to bend it and then bend the wire with 
■your free hand. , 
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Tlien fasten these three pieces of wire together 
by means of soft, copper wire ■wound round the legs, 
and cut off the ends at the bottom if they are 
uneven, or file them level by means of a file 

To fasten off tlie copper wire, you must leave 
2 centimetres of one end free when you begin to 
wind and when you have 
wound 5 or 0 turns of 
wire, cut off all but 2 
centimetres from the long 
end. Now. take the two 
short ends and twist them 
together by means of the 
pliora. See figures 3 3 
and 14 If you put 3 of 
these little coils round 
each pair of legs, one 
near the top, one in the 
middle and one at the 
bottom, the tidpod shou 
be quite firm. 

Fig 13. F,g. 11. 

If you prefer it, you may wind the wire right 
up the legs from the bottom to near the top, but 
in that case the winding wire will have to be 
started in a different manner. You must in this 
case lay the winding wire along the legs from the 
top to the bottom and begin to wind from the 
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"bottoni over the three wires, that is, over the 
two iron wires and over the 
copper wire itself. This is 
shewn in -figure 15. When you 
have wound nearly to the top, 
finish off by twisting the two 
ends together with the pliers 
as befoie. This is a rather 
more difficult method of wind- 
ing but it is neater and firmer 
than the first method ; in this 
method, the winding wire may 
be quite thin. 

Fig 15. 

V.- CHEMICAL ACTIOH. (1) 

The action of physical forces such as heat, 
light, the force of gi-pdty, magnetism and elec- 
tricity is different in one important way from chemi- 
cal action. All these physical forces can act at a 
distance. Thus we feel the heat of the sun and 
see its light, although we are a veiy long way from 
it : the earth attracts other bodies which are frfr 
fioin it, and so also .with the rorces of magnetism 
and electricit}*. 

Chemical action is very different. It cannot 
take place between two substances which do not 
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actually touch one another. Even "when two solid 
substances do touch one another we geiierallj' find 
that no chemical action takes place, and that we 
have either to dissolve them or to apply some kind 
of energy to make any action take place. Let us 
fake a few examples. 

Solution. — First take some dry tutia or sulphate 
of copper and mix it as well as you can in a mortar 
with some dry carbonate of S(^la. You find nothing 
happens. But change the dry powders into sohr- 
tions, make each solution in a separate tube, and 
mix the solutions. You find that the clear liquids 
alter in appearance ; a solid is formed in the tube. 
Chemical action has taken place. 

Perform a similar experiment with carbonate 
of soda and tartario acid . What evidence have yon 
that chemical change occurs ? 

Here, dissolving the substances helps them to act 
on each other chemically and form new substances. 
When substances are dissolved they can alTvsys 
act upon one another much more readily because 
they can always be brought actually together. In 
the solid state, it is very difficult to bring even a 
few particles together at the Same time. One rea- 
son is because there is nearly always a thin layer 
of air surrounding them. In a solution, this is 
not the case. 
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Energy. — A second way in whicli solid suli- 
stances may be made to react is b 3 ’’ giving to them 
energy. The energ}’^ maj’’ be given hy heating them, 
by allowing light to fall upon them, bj’^ the action 
of electricitj', or by a blow with some other body. 

(1) Chemical action produced by heat. — Mix 
some sulphur and copper turning. No action takes 
place. Now heat some of the mixture on an iron 
tray. A greenish-black mass is formed quite 
different from sulphur or copper. Chemical action 
has taken place. 

(2) Chemical action produced by liglit. — Take 
a ciystal of Nitrate of Silver and dissolve it in 2 c.c. 
of water. Add to this a few drops of strong salt 
solution in a darkened room. Notice that a new 
white substance is formed in the tube. Keep this in 
the dark and no further change takes place. Hold 
the tube in sunlight for a few minutes and the 
white solid becomes black. Light brings about 
chemical change. 

(3) Chemical action produced by a blow. — ^This 
is what bappeus whenever a gun or cannon is fired. 
Boys generally like explosions, so here is an ex- 
periment you may try. 

Powder a little sulphur in a mortar and place 
the powdered sulphur on a sheet of paper. Clean 
the mortar and powder a few ciystals of potassium 
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chlorate. Put this also on a sheet of paper. Now 
mix equal parts of the two by gently stirring them 
together on the paper. Put as ihuch of the mix- 
ture as will cover a two-anna bit on a stone on the 
floor and hit it a smart blow witli a hammer ; you 
will have an explosion. 

Chemical action may be brought about by a 
blow. 


VI.-CHBMICAL AOTIOW. (2) 

What happens when a candle burns. — You know 
that if you take a piece of candle and light it in an 
open place free from draughts, it will continue to 
burn until it has all burned away. 

But take a small can- 
dle about an inch long, 
fix it on a smooth card 
or piece of wood or glass, 
place this on the table, 
light it and invert a 
beaker or gas jar, or 
even a large drinking 
glass over it. The can- 
dle will continue to 
burn steadily for a few 
seconds, then it will begin to flicker and give otxt 
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some smoke and finally it will go oiit and cease to 
burn at all. Now since a candle will continue to 
burn in an open space till it is all used up, tbe 
reason wliy it does not burn under the glass vessel 
must be that the space is closed up. In other 
words, we may say that fresh air cannot get to 
the candle when it is under the glass, but that 
fresh air can get to it when it burns in an open 
space. 

We must find out then whether the air under 
the glass is changed in any way when a candle 
burns. 

Take two similar gas jars, over each of them 
put a piece of ground glass' ' on which a little grease 
has been rubbed. This is simply to close the 
mouth of the jar when you shake it towards the 
end of the experiment. 

Now, you must take what is called a 
deflagrating spoon and fasten a small 
piece of candle into the spoon. 

A deflagrating spoon is simply a 
long wire with a little cup or spoon 
at one end of it. This wire passes 
through a cork and the cork is fixed in 
a plate of tin nrhich is large enough 
to cover the mouth of the gas jar. 



^ See appendix. 
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Light the candle and lower it into one of the 
gas jars. Note what happens. Just as 
before, the candle firet burns brightly, 
then flickers, and then is extinguished. 

Take the candle but carefullj’^ and 
quickly cover the jar with the glass 
plate. Light the candle again and lower 
it into the same jar. It is extinguished 
at once. Obviously the air in this jar 
has become different from the air of 
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Remove the candle again and replace the glass 
plate. Look at the air in the two jars. There is 
no difference so far as you can sec. This is where 
the science of chemistry can help us. Into each of 
tlie^two jars pour a little lime-water. First shake 
up the jar coiitaining~pure air. What happens? 
Then slial^ jip. the jar iu_ which the candle has 
been burning and note what happens. FronTthese 
experiments it is quite clear yiat_some_chemical 
cliange_has_talcen place. i n the ai.r„jn which the- 
candle-has burned. _ We must And out what the 
change is due to. 


Let us see wha t.Jiappens-when sulp hur burns 
m air . If you set fire to a piece of sulphur it will 
burn away till it disappears completely. But if you 
put a piece of sulphur in a deflagi’ating spoon. 
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set fire to it and lower it into a gas jar, the 
sulphur, like the candle, will soon extinguished. 
Now the air in which sulphur has burned will not 
turn lime-water milky but if you nour a lit tje blue 
litmus solution^ into the jar and sh ak e it you will 
find the litmus solu tion i s turne d red. If you shake 
ordinaiy air with blue litmus solution it does not 
change the colour at all. So you see that when 
sulphur burns in air, the air becomes changed. 

From these experiments you learn that whe n 
sulphur and a candle burn in air they alter the 
air. The air will no longer allow things to bm*n 
in it or “support combustion,” and sbme new 
substances are formed in the air. I Vlien sulphur 
b.iu’ns, the new _substance.turns blue litmiis red, and' 
whe.n ^a_J3andle ^ burns. . the - new . -substance, turns 
lime-water milkv. 

" m. 

How can this be explained ? Possibly when 
things burn in air they give out some gas which 
extinguishes burning things, or possibly the}' take 
awaj* fi’om the air something which is absolutely 
necessary in order for things to burn. Tliese are 
the only two possible explanations. Your next 
experiments will be to find out which explanation 
is correct. 
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VII.— CHEMICAL ACTIOH. (3) 

The bui’ning of Phosphorus — Take a large gas 
jar and divide it into five equal parts by means of 
strips of paper pasted on the outside. If you paint 
each strip and the neighbouring glass Avith a little 
melted paraffin AA'^ax or bees wax, the strips AA-ill not 
be loosened by Avater Avhen wetted. 

Now, make a small circular piece of wood about 
3 centimetres in diameter; in the middle of this 
cut a hole one centimetre in diameter. Instead of 
Avood yoit inaA" use a large coi-k. 

Float this piece of wood in a chilumchi or basin 
of Avater. On the little floating ring of Avood lay 
the lid of a porcelain crucible and on the crucible 
place a piece of phosphorus about the si/e of a 
grain of gram. 

Phosphorus is dangerous stuff to ' handle. A 
small dish of Avater should be placed beside the 
bottle containing the phosphorus ; then a piece of 
phosphorus is taken out by means of the tongs. 
This is put in the small dish of water and held 
there with the tongs while a piece of the required 
size is cut off by means of a sharp knife under the 
surface of the water. Then put back the large 
piece into the bottle. Place the small piece on a 
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bit of blotting paper and quickly dry it and then, 
again with the tongs, place it on the porcelain lid. 


Light it by touching it with a hot wire, and 
over the floating lid insert the gas jar full of air. 


Hold the jar down till the phospho- 
rus ceases to burn and allow the jar to 
cool. When quite cool add water to, 
or remove water from, the basin til^ 
the level of water is the same in both 
the basin and the jai-. Note the altera- 
tion in volume of the air in the jar. 
You will find that one-fifth of the air 
has disappeared. It has been used up by 
the burning phosphorus. 


c2:> 



Fig. 19 


Next you must find 
out whether the air in 
the jar will support com- 
bustion. 

Slide a well gi’eased 
ground glass plate under 
the mouth of the gas jar 
and remove it to the ta- 
ble placing it now mouth 
upwards. 

Light a candle fixed 
to a deflagrating spoon, • 
and remove the glass 



Fig. 20. 
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plate and introduce tlie burning candle into the jar. 
It is at once extinguished. The gas in the jar does 
not support combustion. 

Pour a little blue litmus into the water in the 
jar. It is turned red. 

Dednction When phosphorus burns in air part 
of the air is used up. 

VIIl.-OHEMICAIi ACTION. (4=) 

What happens when iron burns. —You may not 
know that iron can be made to burn, but such is 
the case. In ordinary air onlj’^ iron which has been 
made into a very fine powdei will burn and as you 
cannot make the powder for yourself you must 
take some from the stock provided Cor j'ou. 

Take the floating board and on it place a small tri- 
pod made from iron or copper wire. 
This should be quite small and can 
be made of fine wire twisted toge- 
ther as follows. Cut off thi-ee pieces 
of wire 10 centimetres long and 
twist the ends as in the figure. 

Then bend the twisted ends 
Fig 21 so as to make them into little legs. 

Place this on the floating board. Then take a 
piece of fine wire gauze and on to it shake out about 
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5 grams of iron powder. Place this ou the tripod 
stand. Now light the powder by means of a wire 
with a little cotton wool wound round the end and 
soaked in spirit. When the iron begins to bui-n 
cover it with the gas jar in the previous experiment, 
and press the jar down to the bottom of the basin. 
When the iron ceases to burn put a weight on the 
top of the jar to hold it steady, and allow it to cool. 
This will take about half an hour ; at the end of 
that time adjust the level of the water as in the last 
expei'iment, and notice how much air has been 
used up. Again you will find that one-fifth of the 
air has been used up. Look at the iron powder. 
It has altered in appearance and has undergone 
some change. - 

Deductions from these experiments on burning. — 
We find that w;he n su b stance s btu-n^Jn air which 
is_ enclosed in a jar, thej’^ are soon extinguished 
and tli^ new substances. are formed. We also 
find that j2Pth,in. .the case of phosphonis and 
irpn exactly one-fifth of . the . air . is used up, and 
that substances will not burn in the remaining 
gas. We are now in a position to draw these 
conclusions : 

(1) When substances burn in air, they combine 
with some gas present in the air to form new 
substances. 
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(2) Air contains two kinds of g'ases, one which 
supports combustion, and one in which things can- 
not burn- 

(3) Tbe proportion of oxygen to nitrogen is 
1 to 5 nearly. The former of these we cal] oxygen 
and the latter we call nitrogen 

IX.— OHEMICAIi ACTION. (6) 

Change of weight in burning.— If, as we decidocl 
in the last lesson, burning things take something 
oxit of the air, they ought not to decrease in weight 



but to increase. Let us examine this statement. 
If a candle or any other substance, such as iron. 
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burns in a closed vessel, it is elear there will be no ■ 
change in weight in the vessel. Nothing can get 
into it, and nothing can get out of it. 

On the other hand, if we burn a candle in, an 
op_en,space it is cjuite clear tliat the candle loses 
weight and that a new gaseous substance is formed 
which we cannot easily weigh. "We will consider 
the case of a candle in the next lesson. First let us 
see w'hat happens when substances like iron burn 
in open air. 

On the left-hand i;)an of a balance put a sheet of 
thin tin. 

Take your little iron tripod and place it on 
this piece of tin. On the tripod put a piece of 
fine gauze and on to tlie gauze shake some “ iron 
powder.” Now carefully balance this by weights 
in the right-hand pan. 

Set fire to the iron powder as before. 

This will burn and as it burns some may drop 
into the pan, but that will not matter. You* will 
see tlftit the left-hand pan sinks slowly showing that 
the iron has steadily gained in weight by combin- 
ing with the oxygen of the air. The new substance 
is called oxide of iron. 

Another veiy good way of show'iug that a 
substance gains in w^eight when it bui-ns is 



( 28 :) 


by buniiiig tlie siibstance iiiagiiesium. You will 
require a small T jjpe clay trian gle whiclx you can 
easilj’ make for yourself, as follows : — 


Cut 3 iron wires each about 20 c.m. long. From 
a clay pipe (the kind sold as “churchwardens” are 
best) break off tlu'ee pieces from the stem each 
about 4 c. m. long. Pass one wire through each 
of these and then twist the ends together as in the 
figure. Place this on your tripod stand and heat 



in the spirit lamp flame for 
a few minutes. Allow it to 
cool and place on it a small 
porcelain crucible with its 
lid and heat these for a few 
minutes. In heating anything 
like a crucible remember to 
apply the heat gradually, by 


23 moving the lamp to and 


fro under the crucible till it has become hot. 


Then it can be raised to red-heat without danger of 
breaking. 


AVhen the crucible is cold again, cut off about 
four or five inches of magnesium ribbon, and 
put this in the crucible, covering the latter with 
the lid, and weight it. 

Next place the crucible on the pipe-clay tri- 
angle and heat the crucible with the lamp until the 
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magnesium begins to brnm. Lift up the lid a little 
way from 'time to time until all the magnesium 
is burnt, but be careful not to let more smoke 
escape than is necessary. You must lift up the 
lid to allow fresh air to get to the magnesium 
or else the magnesium could not burn. 

When the crucible is cool again, it is to be 
weighed. You Avill find an increase in weight, 
if the experiment has been carefully perfoi’ined. 
Thus magnesium and iron both gain in weight 
\v^n^jhey- burnL_in„aic,_ This supports our state- 
ment that b urning su bstances combine whir a -gas 
present-i n - the_jair. _to— form new substances. We 



have called this gas oxygen. We call the new 
cornpoundsjjxides. W hen iron Jbiims_oxide of iron 
is-f ormed, when .-magnesluni_burns_oxid e_of__mag- 
ii^ium js formed. 



( 30 ) 


X.-CHJEMICAIi ACTION, (6) 

A burning -candle — When magnesium burns a 
white smoke is formed and it is easj^ to see that 
this escapes when magnesium is burnt in air, but 
when a candle burns we cannot see that anything 
escapes. Therefore, when a candle burns away it 
would seem at first quite impossible for the candle 
to increase in weight. But we have ali’eady found 
when a candle bxu’ns jt„fQmiS-.a gas which txirns 
Kme-wa.tei^-milltyv- You will now see that besides 
this gas, it forms a second substance. 



Fig. 25. 

Over a burning candle hold a large cold empty 
beaker as shown in the figure. The beaker must 
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be dry as well as cold, but if it is warm the experi- 
ment will fail, so this should be done during the 
cold weather, if possible. If you cannot wait till tlie 
cold season, take a small glass flask and fill it with 
cold water and hold this above the candle flame. 

You will find that drops of moisture condense 
and collect on the glass of the beaker or flask, as 
the case may be. If you could collect enough of 
this moisture you would find it to be water, so that 

water -^is the second subst ance formed Av^n_a 

candl e bur ns. 

To find out whether th e . _siibstances— formed— by 
a burni ng candle are heayierjjia,n„the..,candle itself- 
or not,_ it will be neeessarj’^ to catch this water 
vapour which condenses on cold glass, and the gas 
which turns lime-water milky. Fortunately there 
is a substance called caustic soda w hich will absorb 
both the water and thfi -gns— -Ta kft a good large 
lamp chimney and cut out from some iron gauze 
a circular disc which will just slip down into the 
chimney. Hang this about half-Avay down the 
cliininey by means of three wires bent into hooks 
at the ends. Each wire will then hook to the wire 
gauze at one end and the top of the chimney at 
the other end. 

Now place a stout card on the left balance pan. 
On this place a small piece of candle. At each side 
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of tlie caudle place two small blocks of wood about 
2 centimetres bigb and 4 centimetres long and 2 
centimetres wide. On these make 
the lamp chimney stand. On to 
the wire gauze put some pieces of 
caustic soda broken into little sticks 
about 2 centimeti-es long. These 
must not be packed tightly, be- 
cause we want all the air from the 
burning candle to pass up the 
lamp chimney and it cannot do 
this if the caustic soda stops the 
way. Then cai’efully balance by 
Fig. 20. weights in the right-hand pan. 

Now lift up the chimney, light the candle, 
replace the chimney and watch the balance. The 
pan on which the chimney rests will slowly sink. 
So that when a candl e_bums. t he n ew substances 
which are fo rmed are , heavier than the cardie was. 
You can understand that this must be the case, if 
you remember that burning means combining with 
oxygen. Wher La candle burns ^iLcombin es w ith 
ox ygen to form water and the gas wl:^h_turns.lime 7 „. 
water milky. These are heavier than the candle 
which is burned up to form them. They are really 
oxygen gas added to the candle. The gas which 
turns lime-water milky is called carbonic acid gas. 
You will learn more about it later on. 
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XI— OHEMICAIi ACTION. (7) 

Recapitolation. — ^You may now sum up what 
you have leavned from your study of burning things. 

First . — You have learned that when substances 
burn tliej" are chemically changed and that new or 
different substances are foimed. In other words, 
burningjs a form of chemical combination. 

Secondly . — You have leanied that air contains 
two hinds of gases, one is osygen, the active part 
of air, which supports combustion and combines 
with burning things ; the other is nitrogen, the 
inactive part of air, which is left behind when 
things burn and does not support combustion. 

Thirdly . — ^You have learned that when things 
burn in air they combine with the oxygen of the 
^.air, and that the new substance or substances 
•formed are heavier than the original substance. 
We may express this by writing — 

A substance combined with oxygen is heavier 
-than the original substance. 

Write down in your note books abstracts of the 
experiments which you performed to prove these 
three facts. 
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XII —THE CIiAMP STAND OH EETORT STAND. 



Get the i-etort stand 
and unscrew all the parts 
and place them separate 
from one another. Yon 
must learn the names of 
these parts 

First yon hove the 
stand itself which consists 
of a heavy iron base, and 
an iron rod or pillar. The 
rod generally screws into 
the base. 

Next you have the 
collars or boss-beads. 



Fig 27. Fig. 28. 

These are iron collars which fit roxind the rod 
of the stand and can be fastened tightly to it by 
means of a screw. In the collar there is a second 
screw by means of which a clamp can be fastened 
to it. 

The clamp consists of a rod of iron to which two 
jaws of iron are fixed. These jaws can be opened 
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or closed at will by means of a screw. The jaws are 


used for holding tabes, 
etc., which are generally 
made of glass and so 
they are lined with cork 



A retort stand also has one or more rings of 


iron which can be fastened 
means of a collar on the 
ring itself. In the case of 
rings the collar is genei’ally 
fixed on the ring and can- 
not be removed fi-om it. 


on to the pillar by 



Now you must learn how to use the retort stand. 
First fasten the ring on to the rod of the stand so 
that the base and ring are at opposite sides of the 
rod. Tiien fasten the boss-head to the pillar and 
the clamp to the boss-head so that the clamp too 
is at the opposite side to the base and is about 6 
inches above the ring, while the ring is about 
eight inches from the table. Then put a copper 
water-bath on the ring or fill it with water. Is the 
whole apparatus steady? Fou will probably find 
that a slight tilt will upset it all. The method in 
which you have fixed up the stand is the wrong one. 

It is most important that the' stand should be 
able to support- heavy pieces of apparatus and still 
remain stable. 
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See what yon can do to make tlie stand stable. 
First turn the ring round so that it comes directly 
over the iron base, and then do the same with the 
clamp. Then again put the water-balh on the ring 
and see whether the wliole is steady. You will 
find that it is. This is the way in which to fix up 
the parts of a rctort*stand, so as to make it as firm 
as possible. 

The uses of a retort*stand. — (1) As its name 
suggests one of the uses of a retort stand is to 

hold a retort. TJie 
condensing tube of 
die retort is placed 
between the jaws 
which are then 
screwed up so that 
they hold the retort 
fairly tightly. Care 
must be taken, how- 
evei’, not to have 
the jaws too tight 
or else as the glass 
expands through 
being heated, it 
may crack. A con- 
denser may be held 
in the same way, but in both these cases a support 
should be given to the retort bulb or flask which is 
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to be lieated, and the most convenient support is 
generally a tripod with a sand-bath. 



Fig. 32 

(2) The ring of the retort stand may often be 
used in place of a tripod stand. The sand-bath 
or water-bath is placed on the ring. A great ad- 
vantage of the retort stand when used in this way 
is that the jaws can then be used to hold the neck 
of a flask which is being heated on the sand-bath. 

(3) The ring of the retort stand, or even the 
jaws make very good holdei-s for funnels when 
filtering. 

Set up a retort stand for use in these three 
ways. 
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XIII -THE SPIRIT LAMP. 

Every student needs a good spirit Lamp for his 
experiments. A spirit lamp is a lamp in -which 
methylated spirit or sjjirits of wine can he burnt. 
It consists of three parts, (1) the container or reser- 
voir, (2) the wick tube, (3) the wick. It is a veiy 
good thing for the wick to have a cap or cover 
to keep it from getting dirty when the lamp is not 
in use. The best lamp for general use consists 
of a copper reservoir and tube. The reservoir 
must be of a good size, or it will get loo hot from 
conducted heat. A convenient size is one about 
8 or 9 c.m. in diameter and b c.m. 
high. The tube for the wick should 
be 1 c.m. in diameter and 2 to 3 c.m. 
above the level of the container. 

The illusti alien gives the very 
simplest form. Such lamps can be 
made by any coppei-smith at veiy 
little cost. 

Students can easily make their own lamps from 
small wide-mouthed bottles as follows. 

Get a 4 or 6 oz. bottle with a wide mouth and 
fit it with a good cork. Bore the cork and intro- 
duce a piece of glass tubing long enough to pass 
through the cork and project 2 c. m. at each side 



Fi.i; .33, 
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of the cork. This tube should be 1 c. m. in 
diameter. Now get some soft cotton Avick and 
pass it through the lube, just as if 
you were putting wick into a small 
oil lamp. Fill the bottle half full 
of spirit, and as soon as the wick has 
soaked up enough spirit, light the 
lamp. If you are not careful to 
round the edges of the glass tube 
very thoroughly the glass will crack 
and even when the glass has been 
rounded, sometimes it cracks and 
breaks. If you can get a copper 
or brass or tin tube instead of the 
glass, this lamp will serve all the 
ordinary purposes for which you require a spirit 
lamp. IE you cannot get a metal tube, the glass 
tube may be protected by a bit of tin from an oil 
tin bent round and put inside the glass tube for a 
centimetre or so and projecting fi-om it about half 
a centimeti’e. 

Notice the following points about a spirit lamp. 
First, the wick hardly burns away at all. The 
spirit is soaked np by the wick and it is the spirit 
which burns. 

Secondly, the flame is blue — or non-luniinous. 
If you place a spirit lamp in sunshine you can 
hardly see whether it is burning or not. It is very 
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important in chemical operations to have a non- 
luminous flame. Luminous flames always give 
smoke, and in boiling flasks and tubes and in 
beating other things, you must keep them as clean 
as possible, so that a smoky flame is always to be 
avoided. 

Thirdly, the flame is hot. Hold a platinum 
wire in the flame, it soon becomes red-hot. Glass 
will soften and melt in the flame of a good spirit 
lamp. 

Remember that a spirit lamp must be kept as 
clean as possible, and the wick should be covered 
by a cap, partly to keep it clean, partly to keep 
the spirit from evaporating, and partly to keep the 
wick from absorbing moisture from the air in wet 
weather. 

Spirit for the lamp should always be kept in 
well-corked bottles. It too absorbs moisture in wet 
weather and then it does not burn well. 

XIV.-OXYGBN. (1) 

The active gas contained in air is also contained 
in all 0 sides and also in many other substances. 
It is very easy to get it from these without any 
mixture of nitrogen. You are to prepare some 
pure oxygen and examine its properties. 
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Get a hard glass tube, that is, a tube made from, 
glass whicb does not readily melt. You 'ivill not 
be able to luake this for yourself so you must get 
one ready-made. Into the tube put a little red 
oxide of mercuiy. Hold the tube near the open 
end by means of a test tube-holder. One of the 
best and simplest test tube-holders is made by 
folding up paper till it makes a strip about 15 c.m. 



long and 2 c.m. wide. It must be folded so as 
to give about 8 or 10 layers of paper, so for the 
original paper you would need a stiip about 15 
c.m. square. 

This folded paper is held round the tube as in 
the figure. 
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Place beside you on the table a thin splinter 
of wood. 

Heat the tube, shaking it gently in the flame. 
First the red oxide will turn black, then as you 
continue to heat it, a tliin film like a mirror will 
condense on the upper part of the tube. Now light 
the splinter of wood and blow out the flame leaving 
a red glowing spot at the end of the splinter. 
Plunge this into the tube. Notice the result. As 
soon as the glowing splinter is placed in the tube 
it bursts into flame again, showing that the gas 
in the tube is no longer ordinary aii‘. 

Repeat this experiment heating the tube all the 
time. The new gas which rekindles the splinter 
is oxygen. 

Then cool the tube and look at the part where 
the film has condensed ; rub the inside of the tube 
at this place with a small glass rod. A little glo- 
bule or drop of mercurj^ will form, which you can 
recognize. You now understand that when red 
oxide of mercury is heated it splits up into mercury 
and the gas oxygen. 

Now fit the same tube witli a bored cork into 
which you have fixed a small bent tube each arm 
of which is about 3 centimetres. By means of a 
small bit of rubber tubing fasten on to the free end 
of this a delivery tube. A delivery tube is a tube 
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used for collecting gases and is simply a long tube 
with one end slightly bent as in the figure. 



You will collect the oxygen by displacing water 
from a jar full of that substance in the following 
manner. 


Put some red oxide into the tube and insert the 
cork. 

Fix the tube in a clamp taking care not to 
screw up the clamp too tightly. Then fasten the 
straight end of the delivery tube to the bent tube 
in the cork and place the other end in a basin of 
water. Now if you heat the tube containing the 
oxide of mercury oxygen w'ill be given off and 
will pass down the delivery tube and bubble up 
through the water. 


( ‘M ; 


liomovo t]»o clolivcr.v Miljo Troni iho 
llicn R(o}) hoalin^i (ho of morotiry. If yon 

stop lu'aling before you remove (he tit'livery tube 
(Ijo gas in (hc^lieaio<l tube will coo) am) as it cools 
will suck up water. If (he water is s-ijckerl inio (be 
liot tube it \vill_. break it. 

Now till .some test tubes with water and place 
your thumb over the end of one so as to close it 
completely, 'J’hcn ijivcil the tube and place your 
thumb under the water in (he btisin. Ifemove your 
llitimb and you will have a tube full of water 
with the ojien end under the surface <»r the water 
in (ho basin. Put the delivery tube undei the 
open mouth of a tube, and again heat the red oxide 
of mercury. Soon hnhhies of gas will rise itbtlie 
luho and fill it. 

(Collect two or tlnoe lubes of the gas in this wnV^ 
Until yon are ready to n.so them yon may eitlier Inddl 
them inverted in water, or you may put a eork into 
the open end, but you must do this nmler water. 

The lir.st tube which you collect will contain 
some air because the tube wliich yon heatc<l was 
full of air to start with. As (he oxygen was given 
up by the mercuric o.xido, it drove out the air and 
some of the air has passed into your collectinii tube. 

Notice that oxygei^gas looks like ordinary air. 
It has n o smell and no colour. See wliether the 
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oxygen Avliich you haA’e collected tvill rekindle a 
glowing splinter of wood. 

TlieL-T oethod by which we ha ve collected the 
oxyggnJs-c.alle(LJ‘ d[ i,sp lap^ni eat- .of, watei;. * ’ Tliere 
are two reasons for collecting oxygen gas in this way. 

The first is that oxygen is colourless and so if 
we passed a stream of oxygen into a jar of air, 
we could not see when it was full of oxygen. The 
second reason is that since gases can flow in all 
directions, some air would flow into the jar and 
some oxygen flow out, and we should need a special 
l^nd of apparatus to fill the jar so that no air was 
left in it. 


XV.-OXYGEIS-. (2) 

To make large quantities of oxygen you would 
need a great deal of red oxide of mercury and a 
great deal of time. Tliere is a,nother,w a-y of making 
pjxygemwhich is easier. 

Chlorate of potassium like oxide of mercury, 
contains a large amount of oxygen. Take a few 
crystals and heat them in a test tube. The ciys- 
talsinelt, and if you continue to heat them strongly 
they seem to boil. 

The chlorate of potassium is then hi'eaking 
uP-_Qn-.d5£ampQsiiig. and giving off oxygen gas. 
See whether the gas evolved does not rekindle a 

4 
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glowing splinter just like the gas evolved when 
oxide of mercury is heated. 

Your test tube will soon be quite spoiled be- 
cause you have had to heat it so strongly that the 
glass has partly melted, and so no doubt you think 
that this method is not a very good one. 

Fortunately i£ we mix potassium chlorate with 
another substance called black oxide of manganese, 
oxygen is evolved at a very much lower temperature 
and the glass will not melt. Since glass alwaj's is 
liable to break unless it is very carefully heated, 
oxygen is generally made in copper flasks or tubeS. 

If you have a copper flask or tube (these can be 
made in any large bazaar) fit it with a cork and 
delivery tube as in the figure. 

Then mix chlorate of potash with some powder- 
ed black oxide of manganese till the mixture is 
black and introduce about an ounce of this into 
the flask. Arrange a basin for collecting the gas 
by displacement of water, and fill several jars or 
wide-mouthed bottles with water and invert them 
in the basin. 

To do this you must fill the jar up to the brim 
with water and then slide over the mouth a ground 
glass plate which has been greased with a mixture 
of paraffin and vaseline melted together, or with 
ordinary fat. 



( 47 ) 


- When the plate closes np the mouth of the 
jar, turn the jar'' upside down and put it mouth 
downwards in the basin o£ water and slide the 
plate away again You will then have a jar of 
water inverted in the basin. 

It is very convenient to have a little shelf on 
which to let the jars stand when the gas is being 
collected. These can be made of 
baked clay and should be large 
enough to let a jar stand on 
them, and about an inch high. 

They are moulded so that the 
delivery tube fits into a slit 
in tlie stand as in the figure. Fig. 37. 



If you have not got 
one ready baked, you 
can make one of clay 
and bake it for your- 
self. Place a jar on 
this stand and put tlie 
end of the delivery 
tube under the jar ; 
then heat the flask and 
collect 5 or 6 bottles 
of oxygen gas. You 
should liave all your 



Fig. 38. 


U-f " bottle is used for collecting gas. the mouth should ho wide and should 
be ground by rubbmg on a fht stone wuh sand and water The use of this grind- 
ing js to make the ground glass plato fit quite dosely to the mouth of tho Ixrttle 
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bottles ready inverted in the vrater before you 
begin to heat. As soon as one jar is full slide the 
greased plate under its mouth, holding the jar in 
the right hand and the plate in the left. Then 
remove it from the basin and put it on the table, 
keeping the plate over the mouth till you are ready 
to use it. 



When you have collected enough oxygen, remove 
the delivery tube from the water and then extin- 
guish the lamp. You must always remove the 
delivery tube first ; if you do not, the gas in the 
flask will cool and contract and suck up water into 
the flask. If the flask is a glass one, it will break 
at once ; if it is a copper one, steam will be formed 
rapidly and will perhaps blow out the cork and 
delivery tube with explosive violence. 
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Oxygen made in this way often has a white 
cloudy appearance. This is due to small particles 
of the chlorate which are carried over. If the gas 
is allowed to stand over water for a few minutes 
the haziness will disappear. 

If it is necessary to keep the oxygen till another 
daj'-, it is best to keep the jars standing mouth 
downwards in water. Oxygen is only very little 
soluble in water and if the mouths of the jars 
are under water air cannot pass and mix with the 
oxygen. 


XVL— OXTGEIT. (3) 

When you have collected several jars of oxygen 
you can examine the properties of the gas more 
completely than you have done already. You have 
already noted down its colour, smell and taste, and 
that it rekindles a glowing splinter. Now per- 
form the following experiments : — 

1. Take a piece of wire and fasten it round a 
piece of charcoal about the size of one cubic centi- 
metre. Heat the charcoal until it is red-hot and 
then lower it into a jar of oxygen gas. Take care 
that the fiercely burning charcoal does not touch 
the sides of the jar, or it will crack them. You 
notice that the charcoal burns much more quickly 
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and "briglitly in the oxj’^gen than it does in air. 
Whe n Jt h^ ceased to , bur.D,-j:.ginoxe_. the_ ch arcoal 
and pou r a little .Jitmus- solntion - into the jar. 
Shake it well, ijfqtice . that the, v iolet c oloni-js 
cjiapged to. a deep re.d col.onr, 

2. Place a small piece of sulp hnr in a defla- 
grating spoon. Set fire to it, and lower it into a 
jar full of oxygen. Note that sulphur burns much 
more brightly in oxygen than it does in air. When 
the sulphur ceases to burn, pour a little litmus 
solution as before and shake it up. Again the 
vipjet-colour is changed. to red. 

3 . Cut off a tiny bit of phft^honis about the 
size of a pea, as described in lesson VII. Put this 
in,a.deflagra.ting_spDQDj3y means of the to.ngs.^and 
set fire to it and lower it into a jar of oxygen. Do 
this in a dark i*oom if possible and note the ^Ypn- 
dfiiFu l brll lian ce with . which the pho.sphorus burns. 
Again shake with litmus solution and observe the 
change of colour from violet to red.. 

4 . Take a piece of spdiui n from the bottle by 
means of the tongs. Sodium is not like phospho- 
rus and if it is put into water it combines .with it 
at once. Sa^uiixis kept -in..kerosinej; or naph^, 
and when you cut a piece off it must be done quick- 
ly and the sodium at once put back into the kero- 
sine. Press the piece yon have cut off between 
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blotting paper and place it in a clean deflagrating 
spoon. Ignite it by warming the spoon in the 
flame of a lamp. Notice that the sodinm first melts 
and then catches fire. When the gadinm has 
begun to burn in air lower it into a jar of oxygen. 
Notice that it bni-n s-much- mQi:eJ3r.igh.tly_in oxygen 
thjLn -in-aiy. Shalce up with litmus solution. Now 
instead of the violet solution turning red, note 
down the change fi’om TaiJnt-ta-blue. 

5. Fasten a small strip of mag nesium ribbon 
or wire to a long iron wire. Ignite the magnesium 
and lower it into a jar of oxygen. Again notice 
tlLej3jjIlmnce_sNdtkjvJiinh burns. Shake up with 
litmus. Again there is a change from violet to blue. 

h. Take a lew nieces of verxi fine iron wire , 
each about 6 inches Jong, and twist them loosely 
together. Hold these twisted wires in the tongs 
dip the free end into a litt le melt ed _sulphur. 
Remove the wires, still holding them in the tongs 
and §e.t_fire.J o_,the , sul phm;, then lower the wires 
into the jar of oxygen. The wire will soon c atch 
fir.e,.and_l3egLn_iQ_burn_a.w^ay, throwing out many 
bright sparks. Notice the bro3£ZLJSubstaDGe _ which 
isjormed at JheJ)^^^ .oL%e__jar. Collect this 
and shake it up in a test tubjs Jull of water. It 
does n ot seem to dissolved fehake it with a little 
litmus. There is no change in colour. 
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Now see wliat you have learned from these 
experiments and observations. 

Fir st. y,ou find that a ll sub stances wh ich bum 
in ai r_burn more„br-ightly..iiL.ox.y.gem 

§ecflndly. You find that the new substances 
produced can be divided into three classes— 

1. Those which turn litmus red. 

2. Those which turn litmus blue. 

3. Those which do not affect litmus at all. 

In the next lesson you must consider these 
facts more closely and carefully. 

XVII.-OXIDES. 

When substances combine with oxy gen they 
form new .substances .called_.Qjj|les. Thus sul phu r 
forms o xide of.s ulpJ).ur. phosph orus forms oxide of 
ph osph o rus and so on. 

Diffei'ent oxides differ from one anothei* very 
much. Some, such as oxide of iron and oxide of 
magnesium, and oxide of sodium, and oxide of man- 
ganese, and oxide of mercury, are solids. Others 
such as pxid e^of-sulphur.and oxid e of carbon a re 
gases. Other oxides arc liquids. 

They differ also in colour and appearance. 
Oxide ,pf .iron is brq^, oxide _of_jn^agnesium is 
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white , oxideujol sodium, is also white , 
g^seis h]a£ilc„and o xide o£ mercur y is.red. . 

Some of these oxides readily dissolve in water, 
others dissolve slightly and some do not dissolve 
at all. Thus the Q^des„,oE sulphur and sodium 
dissolxejrea^y, the raide-jaijnagnesiiim jlig^^^ 
and the oxides of iro n, manganese and mercury 
are irisolu hle. The insoluble .oxide s dp not_affect 
iitmus_at^_but the soluble oj xides have a, peculiar 
action- upon_iL__ Some turn it red, and some tux'n it 
blue. : 

Let us examine this action a little more closely. 

The oxides of sulphur , phosphorus a nd carbo n 
turn litm us solution red. 

The oxide s of sodium and mag nesiurn __turn Ut: 
mns solu tion blue. 

Now sulphui*, phosphorus and carbon are non- 
metallic substances, while sodium and magnesium, 
are both metals. 

, * 

At. first it was thought that all oxides turned 
litmus red, but from a large number of experiments 
it was found not to^^.he >so, and that cmly splul^_ 
oxides o^^ non-metals -^^o, while sol ub^ _pxi,d es of 
metals turn litmus, blue. 

Substances which turn litmus red. are called 
acids. Those which turn litmus blue are called 
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alkalis. Those which do not affect litmus at all 
are called neutral 

Yon may now state that if the oxide of a metal 
dissolves in water it always forms an alkaline solu- 
tion, while if the oxide of anon-metal dissolves in 
water it forms an acid solution* 

It was thougiit that all acids contained oxj'gen 
and the name ox^ygen was given to the active part 
of air because the word o.vygen means acid-formcr. 
Now we know that this is not true, but the name 
oxygen has not been clianged. 

XVIII.- OXYGEN ;-SU JIM ARY. 

You have now learned a good ileal about oxygen. 
It is not enough to learn about a thing; you must 
also be able to express what you have learned fully, 
and elearly and briefly. Suppose that you were 
asked what you knew about a substance, what 
should you siiy ? The proper waj' to answer such 
a question is to think.of.the-fullmvmg poin ts : — 

(1) Where does it come from, or occur ? 

(2) How is it made? 

(3) Wliat are its properties? 

(4) What is it used for ? 

Let us say what we have learned about oxygen 
in that order. 
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OcouTTeucB- — Oxygen is found in air of whicli it 
forms one-fifth part. It is also found in all oxides, 
and many other chemical compounds. 

It also is one of the elements which make up 
water, as you Avill soon leaim. 

Preparation. — Oxygen can be made by heating 
several oxides, such as oxide of raercuiy or oxide 
of lead. These oxides then split up and oxygen is 
evolved. It is more easily piepared by heating 
potassium chlorate. The mixing of a little black 
oxide of manganese with the potassium chlorate 
makes the oxygen come off at much lower temper- 
ature. It is collected by displacement of water. 
(Describe and draw the apparatus). ^ ^ 

%/^Properties. — Oxygen is a c olou rless, odondess 
gas. It is a mps^ powerfid supporter of c om-^ 
bjigtipii. and will rekindle a glowing splinter of 
wood making it burst into flame. All substances 
which will burn in air, will burn in oxygen with 
much greater bi’illiancy. Fin e i ron wire Jbiirns , 
in^ oxygen to form hp n ..oxide. All , elements 
which burn_in„oxygen form-oxides. The soluble 
oxides have different actions on litmus. Soluble 
oxides of metals turn red litmus blue and are 
cal_lcd .alkalis, but sglu ble oxides of non-metals 
turn blne_li.trnus_rjed. and the solutions are” called 
acids. 
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Oxygen is the active-par-t-of-air. When tilings 
burn in air they combine with the oxygen and 
form the same compounds as when thej’ burn in 
pure oxygen. 

Uses. — Oxygen is necessary for burning. No- 
thing would burn in air if it were not for the 
oxygen which air contains. It is just as necessarj' 
for warming animals. All animals contain in their 
bodies a great deal of the element carbon and as 
they breathe, some of this carbon is changed into 
oxide of carbon, or as we shall call it later, carbonic 
acid gas. Now just as much heat is given out 
when a given mass of carbon is oxidized (changed 
into oxide) slowly, as when il burns quickly, and 
so this slow oxidation of the carbon keeps the body 
warm. 

Of course this carbon in the body has to be 
replaced as it is used up. You can guess that it is 
replaced by the food you eat. Sugar and grain 
of all ki nds con tain^large. quantitie.s_ of ca rbon. 
They can easily be made to burn in air or 0X3’’gen 
and then give off exactly the same gas as .you get 
from burning charcoal. Oharco al. as you know, is 
nearly’’ pure carbo n. 

You may say quite truly that all animals are 
slowly burning and that the oxj’^gen in the air is 
necessary for this slow combustion. 
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XIX.— ELEMENTS AND COMPOUNDS. 

You have learnt that when substances burn they 
combine with oxygen and form new substances 
which are quite different from the substances in 
their original state. These are made up of oxygen 
and the substances which burn, and are called 
oxides. Thus when sulphur and phosphorus burn 
we get oxides of sulphur and phosphorus formed. 
Iron forms oxide of iron when it burns, sodium 
forms oxide of sodium and so on. 

Now these oxides can all be made to brealc up 
into oxygen and the substance with which it is com- 
bined. In other words, all oxides can be split up 
into two or more different substances and all things 
which_can be ■_sp li t - u p— in to-tiEQ_mLJDiQreJiffeiiejj.^ 
substa nces .. are called compounds . All subst an ces 
which canno t be split up inJ;o more than one simple 
substance are called elements.. Thu4 you see that 
.? II oxides are compounds . They can be spl.it. up 
injiojTOygen and iron, or oxygen and sulphur, and 
so on as the case maj^ be. 

On the other hand, ^ 3 'gen is an element. Oxy- 
gen _cami9tbe__spjit_ up _into anything else but 
qxj^gen. §ulphur and iron and magnesium and 
so dium are .alLelements. They cannot be split up 
into simpler substances. 
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Many elements can combine togetlier to form 
compounds. Tims, as you liave ab’eady seen, all 
suhstances_jyhicli burn in air.for m_conip ounds with 
oxygen or oxides. Coppei* a nd ir on can_ combine 
\vjth_sulplmr. Take a few cgjyjjeclUEuitigs and mix 
them with some powde red^sulphur in a test tube 
and then heat the tube strongly, the snlpimr will 
first melt and then it _will begin to .combine lA’ilJi 
the copper, making the copper glow with,Jieat. 
When the tube is cool, break it up and examine the 
substance left in the tube. There is no copper 
left at all, but a. greenish-black substance in its 
place. This is a new compound called snlphi.de 
of copper and it i.s made np-of ..tlie two elements, 
sulphur and copper. 

The following is a list of some of the most 
common .e leme nts : — 

THydrogohlll.^i Snlp jinr ^ Zinc PhospIioru.s 

'Oxygen ' Iron Lead Sodium 

• j Nitrogen, Copper Tin Potassium 

iChlorine^ Antimony Mercury 

The first five of these are non-metals, the rest 
are metals. 

How can you prove that chlorate of potassium 
and oxide of mercTuy are compounds ? 
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XX.-B.TJSTIIJ'G- IN AIR. • 

Rpsting dne to ai r. — ^When iron is left in per- 
fectly dry air it remains clean and bright, but 
injda mp a ir it soon beco mes covered w it h a lay er 
of rust. You would perhaps conclude that the rust- 
ing is due to moisture and not to the air. Your next 
experiments will be to find out whether this is so. 

Take two large test tubes and half fill them witl 
water. Boil the water in one of them for a fen 
minutes to drive away all the air dissolved in th( 
water. Into tl>is tube drop some iron filings and 
boil once moi e to get rid of all traces of air. Then 
pour a few drops of oil ou to the surface of the 
water so as to form a layer over it which will pre- 
vent any air getting into the water. 

Put this tube on one side. If the iron in this 
tube rusts, it must be due to water only, since no 
air can get to the iron. 

Into the oJher tube drop some iron filings and 
do not boil the water or cover the water with oil 
but leave it open to the air. Put it beside the 
fiist tube and leave the two side by side for a day 
or two. In a few days you will find that the 
iro n in the air-free water has aat_iiusted,_but that 
the filings in the tube open to air are covered 
with rust. , ' 
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The rusting must then be d ue to air. 

What happens when iron rusts. — Take a clean 
piece ‘of tin cut from a kerasine tin. It should he 
about 10 c. m. 'square. On to this put some iron 
ii]ing.s and weigli 'the w])o)e carefullj^ noting down 
the weight in your note book. 

Put the tin tra,Y on a tripod stand and put tlie 
stand in some place wliere it will not be touched 
by other hoys ; then moisten the iron filings wdth a 
few drops of water. Take gi'eat care not to allow 
any of the filings to be moved from the tray, moisten 
the filings with water cveiy day for two or three 
days. When a fair amount of rust has formed in 
the ii'on, take a spirit lamp and gently warm the 
tray until the filings are quite diy. Then weigh 
them and the tray as before. 

Note down the weight after rusting. The weight 
after nisting is heavier than the weight before 
rusting. 

You may conclude now that rusting is due to 
' air and that in rusting iron takes up something from 
the air and gains in weight. 

The effect of rusting on air. — If iron takes some- 
tliing from the air when it rusts you must next 
find out Avhether it talies away. _the ^ act ive. ..gas 
oxygen or the inactive gas. nitrogen. 
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Take a long glass tuloe about 40-50 c.m. long 
and 3-4 c.m, wide. I£ j'ou cannot get a piece 
approximately this size a 
burette tube ma 3 ’ be used, 
as described below. 

Close up one end of the 
tube by means of an india- 
rubber cork or by a good ordi- 
nary cork vrhich has been well 
soaked in melted paraffin wax. 

This cork must be absolutely 

air-tight. Divide the tube 

« 

into five equal parts by means 
of strips of gummed paper. 

Invert it in a dish of w'ater. Fig. 40 . 

Now get some -iron filings and boil them in a 
test tube with a little dilute caustic potash solution. 
The caustic potash cleans the iron and removes any 
grease from it. Then rinse them with clean water 
and tie them up in a little piece of muslin. Fasten 
this muslin bag to an iron wire which is about 2 or 
3 centimetres less in length than the tube itself. 
Moisten the bag and filings with water and intro- 
duce the wire into the tube from the open end. 
The apparatus will then appear as in fig. 40. 

Leave this to stand for several days and notice 
that the water rises in the tube to take the place 

5 
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of the gas which comhines with the iron to foi-m 
rust. When the water rises no higher, it will have 
risen exactly oue-fifth of the way up the tube, 
showing that one-fifth of the gas in air has been 
used up. Remove the tube keeping the mouth 
closed by a glass plate and invert it. The remain- 
ing gas extinguishes a burning match or candle. 

The gas used up must have been oxygen. 

Rusting must be combining with oxygen.— You 
may call rustiTig^^ sl ow comlm aijon. Jron mst J b 
iron oxi de. 

Rusting of Phosphorus. — Pei-form the same ex- 
periment using phosphorus in place of iron. It 
should be fastened in a little cage of iron gauze 
instead of inuslin. 

You will get a similar result. If you use a 
long gas jar in this experiment it will bo easier to 
see that the- gas left behind is not oxygen but 
nitrogen. But it will not be so easy to measure 
the amount of gas which combines with the phos- 
phorus. The longer and narrower the tube, the 
more accurate the measurements will be. 
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XXI.— WATEB. (1) 


You liave now in your experiu'ents made a study 
of burning and rusting and have found that air 
consists of two gases, oxygen and nitrogen. These 
are present in the proportion of one part of oxygen 
to four parts of nitrogen. You will learn later that 
these are mixed together and not combined. In 
other words, air is a mixture and n ot a chemica l 
compou nd. 

Now you will perform some experiments, with 
water in order ^ find ^.out--wh-at.-.. water cnusighRnf 
and to learn some of its properties. 


Take a small piece of fine wire gauze, roll it 
round a pencil so as to make a hollow cylinder. 
Bend one end so as to close it. Then drop a 


piece of ^dju^ aboTit 
the size of a pea into 
the cylinder and close 
the other end. 

Invert a test tube full 
of water in a basin and 
then drop the wire cage 
into the water and hold 
the tube over it. 



Notice that some - chemical action takes, place 
betAveen the sodium and the water and that a gas is 



( 04 ) 


evolved whicli rises in small bubbles and displaces 
the water in the tube. When the tube is full or 
when the sodium is used up, put your thumb under 
the mouth of the tube to close it and remove it from 
the water. 

Bring a lighted match near it and then remove 
your thumb and see whether the gas supports com- 
bustion. You will find that tlie gas burns itself 
with a pale blue flame. This is a new substance. 
The name given to it is Hydrogen. 

Has this h ydrogen ...come-irom the water pz* the 
sodium ? Sodium i su-an— element. It cannot be 
spiijLjap Jntp_ajiy„Qlber_substann_es,_sp_you may be 
stirejibat the hydrogen came fro ixuihe-water. So 
one of the substances of which water is made up 
is a gas called Hydrogen. 

To the water in the glass dish in which this 
hydrogen was made add .a little litmus solution. 
It turns blue at once. Now you have already seen 
that oxide of sodium when dissolved in water 
turns litmus blue. It is quite possible, then, that 
here too we have got some o.xide of sodium. If that 
is the case, water must contain both .hydrogen and 
oxygen. The sodium combines with the oxygen 
and releases the hydrogen. 

Your next experiment will show that this is 
true. 
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XXII. -WATER. (2) 


Water Tip- flf‘CQ in:pQsed-bv-inapv-otlier-metaIs 
a ^wp.]] as hy sodiu m, as you -will learn, but tliere 
is one ‘way in urbicb it can be decomposed in wbicb. 
no metal is used to combine witli the oxygen. This 


method is decoinposition^by means of th e electric 
current.^ and is called. electrol ys^ 


For the decomposition of water by electricity 
you need a piece of apparatus called a g-oltajne ter.-- 
This you may make for yourself. 


Take a large g lass funnel an d cut ofE the narrow 
tube about half an inch below the neck. Then fit 
. the neck with a good cork, pushing it in from the 
wide part of the funnel. The cork should not be 
very long, but should fit well. About 1'5 c.m. is 
quite long enough. 


Now by means of a red-hot needle make two 
holes through the cork at least a centimetre apart. 



Fig. 42. 

Take a piece of platinum foil about 3 centime- 
tres long and 1T5 centimetres wide. In this prick 
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4 Koles and tlirougli the holes thread a platinum 
wire about 10 centimetres long as shown in the 
figure. Do the same with a second piece of foil. 

Now take your large needle, thread the free end 
of one platinum wire through the eye so that 
about 5 millimetres pass through it. Bend these 

5 millimetres hack close to the rest of the wire. 
Then push the needle through one of the holes you 

4 

made in the cork and pull the wire through so that 
the platinum foil nearly reaches the cork. 

Do the same with the other wire and foil and the 
other hole in the cork. 

Your two pieces of foil should now be standing 
up in the middle of the funnel as in figure 43. 

Bend them a little out- 
wards and then pour some 
melted paraffin wax into the 
funnel till the wax reaches 
just above the bottom of the 
foil. 

Then when the wax is 
cooled the whole cork will be 
q[uite water-tight, 'pie.platir 
n mn g ^es..^re bent outwards to enable each to be 
covered by a test tube and they should be about 
2 centimetres apart. 

These plates are called electrodes. 



Fjg. 13 



( 67 ) 

The voltameter may now be placed in the ring 
of a retort stand. 

Ifow add 2 or 3 c.c. of sulphuric acid to a litre 
of water. Fill the voltameter till the water is over 
the electi’odes and fill two test tubes of jej iual siz e 
wU h the same -acd.fIxLlate d water. Invert them in the 
usual way in the voltameter, and then carefully 
place one over each electrode. 

Hold them in position by means of the clamps 
on the retort stand. 

Next connect the platinum wires from the elec- 
trodes to the zinc and 
carbon plates of a good 
battery. A battery of 3 
or 4 Grove’s cells, or 
bichromate cells will do, 

I h-^bbles of a gas \y ill 
soon begin to rise in the 
t go tu bes, but in one 
tuhe. ^wice as much g na 
•p!jXLuisg_a ^n the other . 

When one tube is full 
the other will be half 
full. 

Remove the tube 
which is full of gas 
putting your thumb Kg. 44 . 
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under the open end as usual. Bring it close to 
a spirit lamp and see whether it will burn. It at 
once takes fire and burns into a blue flame. This 
gas is hydrogen. 

When the other tube is nearly full, remove it in 
the same way and put a glowing splinter into the 
gas. It is at once rekindled. This gas must be 
oxygen. 

You may now conclude that water c ontains both 
oxygen aud jlivdi'ogen. and that there- is*-- twice, as 
much_ J)y-y-Ql^t^6 -of- -hydrogen-as there -is-oxygen. 

The question whether water contains anything 
else we shall answer in another lesson. 

XXIII. -HYDROGEN. (1) 

You have already seen that hydr ogen „can^ be 
prepare d by the action^ of the metal .sodiurn upon, 
■vva^. It can also be prepared by the action of 
many other metals upon water, or upon the vapour 
of water which we call steam. 

Action of steam on iron.— Iron does not combine 
with oxygen so readily as sodium does, it cannot 
burn in air unless it is in a very fine powder. You 
will thus expect that iron cannot decompose water 
very easily. Such a thought is quite correct. Iron 
in fact cannot decompose water unless it is very 
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strongly Leated. 
best Tyay of deco mpos- 
ing^ .water ^by means 
< ^iron is to pa^ steam 
over. j:eclrhpt_ir on fi l- 
ings^as fo l lows : — 

Take a piece of 
iron gas pipe about a 
metre long and fit 
both ends witli good 
sound corks. Fit each 
of these corks with a 
piece of glass tubing ^ 
about 20 c.m. long. ” 
In the middle of the ' 
tube pack some small 
iron nails or iron fil- 
ings, but do not pack 
them together so 
tightly that air or 
steam cannot easily 
pass through'the pipe. 

Put a sand-bath 
on the tripod stand, 
and over this a flask 
containing water. The 
copper flask in which 
oxygen was made is a 
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very good vessel for this and other experiments 
•where steam is needed, as there is no danger of 
the copper flask breaking. 

Whichever flask yon nse must be fitted with a 
cork and bent tube. 

Then connect this tube with the iron gas pipe 
by means of a short nibber tube as shown in figure 
45. The gas pipe is supported on a little charcoal 
stove or angethi which can be raised to the required 
height on bricks. 

The other end of the gas pipe is connected to a 
delivery tube which dips into a large trough of 
water. 

When your apparatus is set up, heat up the 
charcoal stove and fan the fire until the iron pipe 
is red-hot. Then boil the water in the flask till a 
current of steam passes over the hot iron filings 
in the tube. Some steam will pass through the 
tube without being decomposed but this will con- 
dense in the water, and if you have a small vessel 
of water, the water will soon be made very hot by 
the steam. 

As soon as bubbles of gas begin to be given off, 
fill a tube with water and collect the gas by dis- 
placement. Remember that the pipe was full of 
air to begin with, as was also the flask, so you will 
only get air till the steam has been passing for 



( 71 ) 


sometime. Collect one or two tulaes of hj^'drogen 
l)y this method. Then remove the delivery tube’ 
from the water, and take the spirit lamj) from the 
flask. When you have done this disconnect the gas 
pipe and put it out of doors to cool. 

As soon as the tube is cool, shake out the filings. 
You will find them covered with a layer of rust, 
which is like that formed when iron burns in oxy- 
gen or rusts in air. This rust is oxide of iron. 


Now examine the tubes of h3'drogen gas. The 
gas burns with a blue flame. Mix one tube of 
hydi*ogen with a tube of air by holding the two 
mouth to mouth for a minute and turning them so 
that ’first one is on the top and then the other. Set 
fire to this mixture. There is a slight explosion. 
T he hydrogen combines very readil}^ with the oxy- 
g en of the air and th is causes the explosion. 

Note down the colour aud smell of hydrogen. 


XXIV.-HYDROGEN. (2) 

Lecture experiment to he performed by the teacher. 

4ction of steam oh mag nesium. — ^lagnes ium 
dec o mposes Av ater much .more— readily than iron 
c^es. Take a piece of magnesium wire and clean it 
thoroughly by means of a little sand paper. Then 
put it in a test tube and covm- h with water. . You 
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•will soon see that tiny bubbles of hydrogen collect 
on the Surface of the magnesium, and after a time 
the bright appearance of the magnesium is lost and 
it becomes covered with a film of magnesium oxide. 

Steam is even more easily decomposed. It 
seems strange to say so but magnesium can a ctually 
be m ade to bum in wat er vapour. Fit up a flask 
with a cork and bent tube (the flask used in the last 
experiment). Take a smaller flask and fit it with 



Fig. 46. 

a double boi'ed cork and two bent tubes. One of 
the tubes should be bent at a right angle and the 
other at an atigle of about 100 degrees. 
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Next get a tuloe of hard glass and fit it with 
two corks. Into one of these fix a jet. In the 
middle of the tube place a few pieces of magnesium 
ribbon. Then set up the whole apparatus as in 
the figure. In the large flask water is placed and 
boiled very gently. The steam passes through the 
little flask and any water which condenses is 
collected in it. It is important that no water should 
condense in the glass tube, so a spirit lamp should 
be moved along the tube backwards and forwards 
to keep it quite hot. Then when steam is passing 
slowly through the apparatus, the part of the tube 
irnder the magnesium is strongly heated. It will 
begin to burn in the steam and the gas whicli 
issues at the jet is hydrogen. It will burn if a 
light is brought near it. 

The magnesium .is converted into a white 
powder, exactly like that formed when magnesium 
burns in air. This is oxide of magnesium. 

, You have now learned the following : — 

Water on electrolysis gives Hydrogen and Oxygen. 

Sodium and Water give Oxide of Sodium and Hydrogen. 
Magnesium and Steam give Oxide of magnesium and 
Hydrogen. , 

[iron and Steam give Oxide of iron and Hydrogen. 

I 

You may feel almost sure that water contains 
only oxygen and hydrogen. 
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XXV.-HyDROGBlT. (8) 

Before you learn any more about tbe composi- 
tion of water you must be able to pi'epare hydrogen 
by a much easier method than any you have used 
as yet. 

Now all acid s— con tain hydroge ru and in most 
ca-ses this hydrogen can be easily replaced by a 
metal in the following way ; — 

Hydrochloric acid and Zinc give Zinc chloride 
and Hydrogen. — Hydrochloric acid may quite tnily 
be called Hydrogen Cliloride, and so you may say — 

Hydrogen chloride and Zinc give Zinc chloride 
and Hydrogen. That is very easy to understand. 

The simplest method to use for preparing hy- 
drogen is by means of zinc o r i ron a nd .snlph,uric 
acid,_w hich you may call hydrog eiijsnlphate. Then 
we have — 

Hydrogen Sulphate and Zinc give Zinc Sulphate and 
Hydrogen. 

Hydrogen Sulphate and Iron give Iron Sulphate and 
Hydrogen. 

Take a wide-mouthed bottle of about half a litre 
to a litre cubical contents, in its mouth fit a good cork. 

Now take a thistle funnel and bore the cork at 
one side to take the funnel and at the other side a 
short tube bent at a right angle. 
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Fit a delivery tute to the short bent tube and 
arrange your apparatus for collecting gas by dis- 
placement of water. 



Now introduce into the bottle some pieces of 
granulated zinc until it is about 2 c.m. high in the 
bottle. Replace tbe cork and see that the bottom 
of the funnel reaches almost to the bottom of the 
bottle. 

Next make a little dilute sulphuric acid by 
pouring 10 c.c. of strong acid into 50 c.c. of water 
contained in a beaker. Stir with a glass rod while 
you mix the two liquids. Tlie mixture will be- 
come hot. Allow it to cool ; you may cool it quick- 
ly by allowing the beaker to stand in cold water. 

Note . — Never pour water into strong sulphuric 
acid. 



( 76 ) 


When the dilute sulphuric acid is cool pour 
about 10 c.c. through the thistle funnel on to the 
zinc. There will be a brisk evolution of hydrogen. 
The bottle is at first full of air and so the first 
bubbles which pass through the water are air, then 
comes air mixed with hydrogen, and lastly pure 
hydrogen. Collect a tube full of the gas by dis- 
placement of water and see whether it burns. If it 
explodes there is still air present. You must be 
careful in removing the tubes from the water and 
in taking them to a light, not to allow any air to get 
in and mix with hydrogen, so your thumb must not 
be removed till the tube is close to the flame. 

When the gas no longer explodes, but burns 
with a pale blue flame, collect 4 jars of it. The 
best way of keeping the hydrogen till you are 
ready to use it is to put a plate into the vessel of 
water and slip the jar of hydrogen on to the plate 
and then remove the two together. Enough water 
should be removed with the plate to cover the 
mouth of the jar. The jar should be left standing 
in the plate of water, of course with the mouth 
of the jar under water. 

Then half fill an empty soda water bottle with 
water and allow hydrogen to displace the water. It 
will then be half full of hydrogen ahd half full of 
air. Cork it up securely. 
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Remember that hydrogen is A'^ery inflammable 
and a mixture, of air and hydrogen is very explosive. 
You should never bring a light close to the appa- 
ratus while you are collecting hydrogen, especially 
nntil,.all 'the air has been driven out o£ the bottle 

'^. fronerties of Hydrog en. — Perform the following 
sxperiments with the jars of hydrogen which you 
lave prepared : — 

1. Take a jar of air and a jar of hydrogen. 
Hold the jar of hydrogen mouth upwards under 
the jar of air as in the figure. After half a minute 



Fig 48. 

take the jar which at first contained air and try, to 
light It. There will be a’ slight explosion showing 
that hydrogen has gone up into the higher jar. 

Hydrogen is the Hglitest of .alL^ase.s.and can be 
poured u pwai-ds. 


6 
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Fasten a candle to a long wire. Light the 
candle and push it upwards into a jar of hydrogen. 
Xb^Ji^i)Sejft-~wiU^^tch fire and hum. hutUhe ’ 
cand le will be. e xtinguished.. 

Hydrogen hurn sJjut. does -not..suppprt _ comhus- 

JiaUi 

3. Is the gas alkaline or acid ? Try with 
litmus. 

4. Set fire to a jar and see whether what re- 
mains in the jar is acid or alkaline. 

5. Now take the soda water bottle containing 
the mixture of air and hydrogen, llemove the cork 
and hold the mouth to a spirit lamp. There will 
be a loud explosion. Be careful that the bottle does 
not point at any delicate apparatus or any other 
students. 

. Hydrogen forms an explosive mixture with air. 

Hydrogen lighter than air.— The next- experi- 
ment is a very pretty on e and shows the lightness 
o f hydrogen very we ll ^ 

Make a solution of soap, by dissolving some 
soap shavings in hot water and adding two or 
three drops of glycerin e. Allow the mixture to 
stand for 24 hours stirring from time to time. 
Pour off some of the solution into an evaporating 
basin. 
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Attach a long piece o£ rubber tubing to the 
hydrogen bottle and. to the other end a short clay 
pipe or thistle funnel. 



Dilute the acid which you used in the last 
experiment by mixing with half its volume of 
water so as to make the gas come off more slowly. 
Then pour on to tlie zinc and make bubbles of 
hydrogen by dipping the bow o t he pipe in the 
soap and then holding it mouth upwards. When 
the bubble is 2 or 3 inches in diameter a jerk of 
the pipe will set it fi-ee and it will float upwards 
in the air. 

Set fire to a floating bubble with a match, 
but observe the precautions as on the previous 
page. 

Hydrogen is used for filling large balloons. 
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Write down in your note book a description of 
the occurrence, properties and uses of hydrogen, in 
the way in which the properties of oxygen are 
described on p. 55. 

XXVI.-HYDROGBN. (4) 

What happens when hydrogen burns in air. — 
Yon have now learned that Iml vogen can burn in 
air, and that a mixture of air and h^^d ro gen expl odes 

when i gnit ed. The object of the next experiment 

is to find out what is formed in these cases. 

Take a piece of glass tubing about 12 inches 
long. Draw it out into a jet about 3 inches from 
one end. Then bend the tube at right angles in 
the middle. 

Take the bottle in which you have prepared 
hydi-ogen and collect tivo or three tubes of the gas. 
When the gas burns with a pale blue flame and 
does not explode, fix the jet in place of the delivery 
tube, as shown in the figure. 

Then take a dry test tube and lower it over the 
jet. Hydrogen being very light will fill the tube 
and force the air out. Remove the tube and place 
your thumb so as to close it and carry it to the 
spirit lamp which should be several feet away. If 
there is any explosion fill the tube again in the 
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same way, until the hydrogen burns quietly. It is 
then quite safe to light the hydrogen issuing from 
the jet and you may do so by means of a match or 
in any other way. 

You now have a jet of hydrogen burning in air. 
The ^ame will bg_ffomewJiat>-y.enow-j3eca3.i s.e of t he 
sodium which is in the glass. All compounds of 



Tig. 5D. 

sodium colour a flame yellow, as you can easily see 
by taking a little moist sodium chloride (commou 
salt) on a platinum wire and bolding it in the 
flame of a spirit lamp. 
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Fill an ordinary well polished hrass lotah with, 
cold water. Be careful that ■ the outside is quite 
dry. Hold it over the flame of burning hydrogen. 
The brass of the lotah will soon be covered with a 
dew of tiny drops of liquid ; this will form into 
larger drops which will fall and can be collected 
in a small dish. This liquid is water. If you 
can collect enough determine either its freezing 
or boiling point. Smell and taste the liquid. 
Examine its action on white anhydrous copper 
sulphate. 


f This .experiment ..prpyes- that^ wben hydrogen 
burp a.in„ a,ir. water is formed^nd conseq uently also 
proy.fis-Jhat water contains both hy drojgen.Tahd. 


axy^. 


You cannot yet be quite sure that water contains 
nothing besides these two elements. This is the 
next question you have to answer. 


XXVIl.-WATER. 

Composition of water. — ^If water is a compound of 
oxygen and hydrogen and nothing else, hydrog en 
s boulrL combina-with-oxygen .aad Jorm wat er. You 
have already seen that hydrogen does combine with, 
the oxygen of air, but you have not shown that 
there' is not some other substance (for instance, 
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nitrogen) also combined with the hydrogen when it 
burns in air. 

The following experiment has two parts. 
oxygen .is..made., to ..combine, witbu-copper— to make 
oxide..o£.,CoppBr ; secondlj*. hydrogen.,, is -made -to 
take away- this,, oxygen and Jeaye^copper behind. 
The result of tlie combination of the oxygen and 
hydrogen is water. Thus you haye a definite proof 
that water is a cqmpound..pf,oxy.geu„^n(i,hydrpgen 
and nothing else, 

-'•.-On - ' 

You may ask whether hydrogen and oxygen 
cannot combine directly together without the aid 
of the copper. Yes, they can, bjit- they„.combine - 
with great violence and the experiment is not a 
suitable one for school classes. 

Preparation of ox ide — of— co^iube, — ^T horoughly 
clean the iron gas pipe which was used for the 
preparation of hydrogen from steam. Then pack 
about 8 inches of the middle of the tiilDe ‘wit?! 
qopper turnin gs, p ut it on a charcoal stove and 
p ass a current of oxygen throu gh it. The oxygen 
is to be prepared in the usual manner bv heating 
potassium clilovate and black oxide of manganese. 
Keep the middle part of iron tube at a dull red- 
heat for 1 0 minutes. Then remove the oxygen 
apparatus, take the tube out of the stove and allow’ 
it to cool. 
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Wh f>n it. is qiiit.e_cool shakg out SO.lp^„of tb© 
C 0 pper_turnings. They wil^hjiye„ become, 
blac k because the oxygen ^ncl. .the„copper.,ha.ve 
corniced to.iorm- oxide__of copper. Put back the 
copper turnings. 

Preparation of water. — Now connect the tube 
with your hydi’ogen bottle, but between it and the 
hydrogen bottle put a loash holtle containing a little 
strong sulphuric acid. This acid absorbs water 
vapour veiy greedilj’-, and so no water fi'om the 
dilute acid in the h 3 ^drogen bottle can pass over 
into the iron tube. 

It also tells you at what rate the hydrogen is 
passing by the bubbles passing through the acid. 

You can regulate the rate by adding 
“ 'll “ more dilute acid slowlj^ to the zinc. 
jdnK If the evolution of gas is much too 
rapid, add a little water. The wash 
1 bottle is si mply a bott l e wi th a .double 
bored .cork fitt ed wi^i tjyg bent .tubes, 
one long and one short . T he l ong 
.one pas ses dpjtm below the strong 
i-jg 51 ^Iphuric acid as in the figure. 

When you have fitted this between the iron pipe 
and the hydrogen bottle, put a delivery tube on to 
the end of the iron pipe, and pass a fairly rapid 
stream of hydiogen through the whole. The iron 
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pipe may be resting 
on tbe stove but o£ 
course there must be 
no fire there until all 
the air has been ex- 
pelled from the various 
parts of the apparatus. 
pollect a te st tube full 
01 gas from tigie to 
time, taking care that 
^e h ydro gen does.ngt 
c_ease to be evolved.- 
When tbe gas in the 

« I 

tube burns quietly 
without any explosion, ^ 
remove tbe delivery 
tube and put in its 
place a bent tube dip- 
ping into a small flask 
as in fig, 52. The flask 
is kept cold by being 
immersed in a basin 
of cold Avater. 

Keep a slow stream 
of hydrogen passing 
all the time at such 
a rate that you can 
count the bubbles in 
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the wash "bottle. Then h eat up,, the charcoal and 
n xake ^the-pLpe.'W-ith-thevCopper oxide rei3-li ot'~a gai nr- • 
Steam ^ 11 soon pass out into the , ,small^flask and 
co nden se ^there thT^oT^.T^atef. When no more 
steam comes over, take out the charcoal fi’om the 
stove, and allow the hydrogen to pass through 
the tube until it is cool. Then (taking the usual 
precautions to keep a flame away from ‘the appa- 
ratus), remove the hydrogen bottle, and open 
the tube. 

First examine the substance l^ft on.. the^Jijibp. 
You will find that the , hlackjj^ide^ of copper. has 
givenL..-up.J[ts_oxygen . .to_, the . liydrogen , and, th at 
copp,er^one is left. 

Then examine the liquid in the flask. Take its 
hoiling.point, t^te it, smellJt._e xamine its actio n 
' 0 ^^ anhydrous sulphate of copper, _You find the 
li^id is-^water. 

You have now definitely proved that water is 
composed of oxygen and hydrogen, and from the 
electrolysis experiment you also conclude that water 
contains two parts by volume of hydrogen to one 
of oxygen. 
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XXVIII. -NATURAL WATERS. 

Although perfectly pure watAc-contaius nothing 
hut hydrogen and oxyg en, most of the water with 
which you have to deal is not perfectly pure. 

The water which you generally use cpmes from 
a well or a tank or a river, and neither well water 
nor tank water nor river water is perfectly pure. 

Get some water from any near supply. Pour it 
out into a beaker. Perhaps it looks quite clear 
and fresh, but perhaps it looks rather muddy or 
you may see tiny specks of something or another 
floating about in it. Such things can be removed 
b}*^ filtering. In. all large towns, water from the 
river is filtered before it passes into the pipes 
which carry it to different parts of the town. Of 
course it is not filtered through a funnel and a 
filter paper^ but it passes through large filter beds 
yiijRse filter beds-cp nsist of layers of fine stone and 
sand_at.the_bottom.of-adarge tank and.the_Ayater.is 

They st op al l th e 
SQ]icL..ijnpurities_Ayhich„i[oat..abpu^^^^ the Avater. 
P£can time ., to time they are cleaned out and fresh 
stones a nd s and put in place of that which is taken 
out and which is often veiy dirty. 

These solid impurities are called ^spended im - 
p uritie s. , . 
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Besides the suspended impurities there are 
dissolved impurities. These, as you know, cannot 
be removed by filtration. They can only be re- 
moved by distillation. 

Dissolved Solids.— To prove that your wat er 
c ontains som e ,d i ssnl ved-i mpurjlies . e vaporat e som e 
down nearly to dryness in a porcelain evaporating 
dish on a water-bath. Then ponr the water from 
the dish on to a large watch glass and evaporate 
to complete diyness. You will find a decided resi- 
due is left. This is solid matter which was dissolv- 
ed in the water. 

The amotint of solids dissolved in river water is 
very great, and this is carried down into the sea. 
The Ganges carries away many lakhs of maunds 
of dissolved solids every year. 

JSe a water, contains about Sj per cent, of 
dissolved solid matter most of which iscommoii 
salh-iut there are also compounds ^~^agnesium, 
calcium and other elements. Rain water is the 
purest —water -whicli .occurs in nature . That is 
because j^icusEateiUs -reall.v~dis tilled wate r. 

Distillation is the condensation of water vapour. 
Over large areas of water such as the ^]£at_Qceans 
the air becomes sa 'tnrated-with -water-vapour. Tljis 
air pas s.esjve,r..thfiJand-as-wind. and_when_it.i:e.ai?]ies 
a co ol pla ce some of Jhejnoisture is. condensed-and 
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fall s as ra in. Then this rain takes up solid matter 
a^in from the earth, rims down to the sea again 
in rivers and again is distilled. 

According to this the oceans onght to contain 
more and more dissolved matter every year. This 
is probably the case, but joine of . t he.-.dissolv.ed 
ma}ieruis..-jdeposited4]5_ v.arious:. ways, ^,d is used 
up as„food for-shellfish -and .coral, insects and, such 
animals, so the increase is not very large. 

Dissolviefl -Gases . — Besides containing solid mat- 
ter dissolved river wate r, rain AYa.ter_ and in fact 
nearly all n atural_w.ate.rs.. contain . cliss,plved_,gases. 
The important o Lthese are oxygen a nd pitro - 
gem the gases-which~make-up-air.- There is also a 
good deal of carbonic acid gas, the gas which is 
produced when charcoal, coal, wood and many other 
substances burn in air. 

Now gas^s un like solids, are. (much .less ..sol uble 
in h ot water ^t han-tliev- -ai e -in-cold - water, so they 
c an be removed b y simply' boiling the water. 

Take a flask fitted with a cork and delivery 
tube. The tube passing through the cork must be 
level with its lower surface. Fill the flask up to 
die brim with .ordinary water and then push in 
the cork. The water will run into -the delivery 
tube. If mucli air is left in the lube, remove it 
and fill it with water by suction. Tjjen clpse the 
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lower end of the tube with your finger, refill the 
flask and again insert the cork. 

The flask and tube are now quite full of water. 
The flask is placed on a sand-bath, or wire gauze, 
with the end of the delivery tube in a basin of 
water as in the figure. 



Fig. 53. 

Boil the water. Bubbles of gas are soon li- 
berated. and these pass through the delivery tube 
and can be collected by displacement of water as 
usual. 

Collect two tubes of the gas. In one put a 
little lime-water and shake it up. The lime-wate r 
■is JLumed-milky. • That is because —carbonic , acid 
gas is prese nt. 
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In the other tithe put a burning match. It will 
burn as in ordinary air. 

Garbonic acid is very soluble in water. Water 
will dissolve 20 times as much carbonic acid as it 
can dissolve of oxygen, and t\ yice a s much oxygen 
as nitrogen. This is very important as you "will 
see later. 


XXIX.— OABBON. 

In an earlier lesson you found that when charcoal 
burned in oxygen a gas was formed which was 
very different from ordinary air. It turned blue 
litmus red ; and it has many other properties 
which make it an easy gas to recognize. These 
we shall soon have to study, but before we pass 
to this gas, there are a few things to learn about 
the substance from which it is made. 

If you place a small piece of charcoal in a 
crucible and heat it for a long time, it will burn 
and by degi-ees change from a hard black lump 
into a grey powder or ash. This powder contains ' 
TOany, substances, among others lime, car bona te 
of potash and a little iron rust. But a gi-eat deal 
of the charcoal has burnt away, or as we have now 
learnt to say, has combined with the oxygen of the 
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air to form an oxide. The substance which was 
burnt is carbon- 

Charpoaljs-Jiot an ^elem^ent. As you have seen 
we can break it up and get several different 
substances out of it. Carbon is atLelem ent^ and 
we cannot break it up into any different substances ; 
we can only make it combine with other elements 
to form compounds. 

You may be surprised to hear that carbon in 
its P^re sifc form is one of the most valuable and* 
beautiful things in the world. It exists in glisten- 
ing, colourless crystals which are called iiamoiuis. 

J^LgLdiaihojid„is.j^xy..§.tcangly'_ he ated in oxyge n , 
Jre-and,burn, the gas wh ic h is form ed 
under i hese-cii-cuinstances is.exactry.similai:_to-the 
gas formed ^ ^yhejucharco.al burns. 

There ai*e several other forms of carbon, but 
none is so pure as the diamond. Ordinary soot,- 
such as is formed by a smoky lamp, eontams^a 
gi-eat deal of carb on and so does co al. The “ lead ” 
in a lead pencil is really not lead at all, it is 
graphite , and graphite is a fairly pure fonn^ nf 
carbon . It is only called lead because the mark 
which it makes on paper is like the ‘mark made 
by lead. 

,Sianjpnds have, been. -made, from graphite, by 
allowi ng the melted gr^hite ti 
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crystallize very slowly. It needs a very high te m- 
per^ uie to"rnelt]'graplirte, more t han 3000°, and 
the diamond crystals are so s mall.that they are not 
valuable enough to make it worth while to manu- 
facture them in this way. 

If you think for a minute, you will see that in 
one form or another Ccjjd3pn._pccurs,-^^^ 
iu- nature. We have oxygen in air a iicL-a'^tei:, 
hY.droge.aJ.a-watej:T> nitrogen in air , but carbon ^s. 
found-in.::.all _ plants and animals. It is true that 
the carbon is not in th e^f ree st ate , as a njalement ; 
i t is alwa ys. combined, but none the Jess-itJs- there. 

If you place a s mall piec e nfjEond iu-iLtpst tube 
and heat the test, tu be so as not to set lire to the 
wood, you will -iiotice that a ^ great many chemical 
changes occur. First you will notice drop^ df~^ 
water— form....on_ the s ides o^the tube ; then there 
will be a darker and oily looking liquid which we 
call also a gas w ill be evolved which you can 
set lire to and which will burn, and lastly, you wil l 
find that charcoal is left behind. 

T his shows t hat w. ood co ntains carbon-as_wen- 
as-h ydrogen an d_Dxygen. In a siniilar_ way you 
Gan__prove that a ll vegetable a nd— ani mal matt er' 
con tains, carbon . - 
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XXX.-OABBONIC ACID G-AS, 

Whftn n canfllfi burns in. air a^aa^iBliormed 
wli i ch. .turn s .. li nifewater- inillty. This sainej^as is 
formed \Yhea,.charcj0ii)3Airns._in ..oxy gpri. We call 
tlxe gas oxide of carbon, or c.axbonic-acidrg^as.. „ 

Carbonic acid gas occurs in many substances, 
but tlie com iTi,o nest is chalk. From chalk, too, is the 
easiest method of obtaining it in large quantities. 

Take_same_)jimps. of clialk and put them in a 
very hot fire. ‘ Let them get thoroughly o:gd-l^ 
and remain red-hot for half an hour. Then remove 
them and allow them to cool. 

Take a piece of this bm*nt chalk and put it in a 
beaker containing a. Httlg .water. Stir it up well. 
The water will become wmnn . Repeat hJiis experi- 
ment' with phalk in place of the burnt chalk. No- 
thing happens. 

Filter ihese_solutiDns.,separately and evaporate 
p^^pf_each oL.them to dtyness in two..,di.fferent 
dishes?- ■ Tlie olia ljc befor e burning is not soluble,. 
afleE-burning it is_ partly. sol able in., water and, the 
solntioii leaves a residue o'u-evaporation. 

'^Take a little of each of these solutions in two 
test tubes and add a feiSLjR'opajD.f Jhtmti^ 
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to each. Thechallc beJoraJD-Uvning-does not* t urn 
tbe litums,.blue. after burning it does. 

Heating chalk in this waj’ obviously changes it 
very much. Let us see what effect heating chalk 
produces, if we make an arrangement to collect any 
gases which jnay be evolved. 

Take a clay tobacco pipe* with a long stem and 
put some small pieces of chalk in the bowl. Close, 
this with a plug of wet claj’'. To the stem of the 
pipe attach a piece of glass tubing, and let this dip 
into a test tube as in. the figure. 



Fig. 54. 

Heat the bowl of the pipe to bright redness in' 
a cliarcoal-fire. A gas will soon be given off which 
turns the lime-water railkv. ' “ 

Dip the tube into a little clean water to wash it, 
and then pass the gas through some water to which 

® Tf a pipe of lliiR kind is not avatlahlo, pnt some clialk into tke middle of an 
iron gns pipe. Close one end completely by means of a cork and beat tbo middlo 
of tbe pipe as in lenson XXVIL 
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a drop or two of litmus has heen added. The 
colour will change to a dull red. 

This e xperiment leads you to think that when 
chalk is heated a gas is driven off which is the 
same-AS-tliatJormed -when -carbon, .burns in jiir or 
oxygen. 


The residuejeft behind when chalk is burnt is 
called li me s o you may write — 

Chalk=:Llme+Carbonlc acid gras. 


Ohalk is of ten-called oajjchonataJiiJjjBP. A more 
accurate name is carbonate of calcium. 

When_j ;ai honic acid is p.as-sedjnto ..lime-water 
the opposite change.. takes_ place- and chalk. is -re- 
fdrmed, t hus — 

LIme+Carbonfc aold=Chalk, or Carbonate of Calcium. 


XXXI.-CABBONIO ACID GAS. 

The carbonic acid gas can be removed from 
chalk in another and much simpler way. 

C arbonic _a cid„is an acid bujt it is,_a weak one. 
n^a-atrong_ncidJ.s jpoured over_chalk, tlie...strong 
acjd_replace.s.tlie-weak- one aud-tha-carb-o nic a cid is 
set.iree. - Thus — 


Ca*ibiQna^of__calcIum^hy.dn.ochlorjc_^ojy^ chloride 
ofoajcj[um J::.carbonlo _acld, 
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Take a bottle or flask, and fit it Tvitli a cork carry- 
ing a thistle funnel 
and a bent tube. The 
bottle which was used 
for i>reparing hydro- 
gen will do well. To 
the bent *tube fasten 
another tube bent at 
right angles by means 
of a short lubber tube. 

The second bent tube 
must have a long limb 
as in the figure. Rg. 55. 

The louger limb dips into ajar of air and should 
nearly i-each the bottom of it. The mouth of tlie 
jai’ should be covered with a flat cai-d. This may 
have a hole in it for the tube to pass through. 

If both the bottle and jar are i-aised above the 
table ou a few bricks, or blocks of wood, it will be 
very easy to remove the jar of gas when it is full, 
and replace it by another jar full of air. 

Now pour a little dilute hydrochloric acid (one 
part acid to two parts water) on to the chalk and 
collect several jars of the gas which is evolved. 
The gas is very heavy and displaces the ah*. When 
the jar is full, the gas will pour over the edges of 
the jar, just as if it Avas full of water. You can tell 
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when this happens by holding a lighted taper under 
the card, as the gas pours over, it will extinguish 
the taper. 

When you have collected several jars, pour one 
of them over a lighted candle. It will at once be 

extinguished. 

Into a second jar 
lower a little burning 
sidphur. I’liis too is 
extinguished. 

In a third pour lime- 
water, it is at once turned 
milky. 

In a fourth jar pour 
litmus solution, it is 
turned dull I'ed. The gas 
Fig 50 is an acid-forming gas . 

In a fifth jar plunge two or three strips of burn- 
ing magnesium ribbon. The strips of ribbon 
should be folded together, because a single piece 
will not burn well in carbonic acid gas. The inag - 
nesium burns and talms_away th.e, oxygen fro m, t he 
carbon di -o.xule. and if you examine tIia__powder 
which is formed, ypu will find it Q pn t ains little 
P‘yiticles„.of^ black.. cajibon. If you pour some 
dilute iiydrochlmdc acid on J;he. powder, the white 
oxide ,of . magne sium wjll .dissolve. Filter the 
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solution and the hlaclc carhon will he left on the 
paper. 

Smell and taste some of the gas. 

Carbonic acid is formed — 

(1) When a candle, or charcoal, or wood, or 
anything containing carbon burns in air or oxygen. 

(2) When chalk is strongly heated. 

1,3) When an acid acta upon chalk. 

It is a hgasy, c olourless ga s, with no smell and 
!a slightly^weejtjtaste ; i t does np jLsnpport-combos- 
J;ion, blit can be decomposed by brightly-,.buruing 
magnesium to carbon and oxide of_ magnesium. 

It disso lves in. water to form .an ,acid..jolution. It 

can always be recognized bj»^ the fact that it turn s 

limerwater..rail ky . 

i-'- ' ' 

XXXIL-PIiAlirT AND AMT DIAL LIFE, 

You have already been told that when aniTn als 
b reatl ie.< they tajke. J.a.j)xygeri.. Jrom..., the-...ai r., an d 
give out carbonic acid gas. In other words, they 
are slowly burning away. The burnt portions 
have to be replaced and they are replaced by the 
food which animals eat. The way in which this 
burning goes on is as follows : — 

When you dmw air^into your lungs _sqme_qf,it 
blood . . w hic li d issol ves _it and 
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then carries it to all parts of the l)od3^ The 
oxygen -which- -is- dissolved combines with some 
of the carjjQD. in tlie tisanes and_jForrns carbonic 
acid gas. This is al so-dissolved in the blood but 
the blo od containing .the -carbonic acid at last 
passes back to the lungs again and ivlien you 
expel the air from your lungs, the_ carbonic acid 
is given up bj’’ the blood and come out at your 
nionth. 

Take a t est, tube half *11x11 of l iine- water and 
blow— air—froin -yjour lungs into it by means of a 
glgss. -tube. The UnieTij;ater will _soon become 
milky, just as jf it had been shaken in a jar of 
carbonic-acid gas. 

Now if all_ animals are continually taking in 
oxygen from the air and giving back carbonic 
acid gas in its place it is clear that the air must be 
getting fuller and fuller of carbonic acid, unless 
there is something at work to remove the carbonic 
acid and replace the oxygen. 

- And if the air is becoming full of carbonic acid 
in place of oxj’^gen, all animal life will cease, and 
animals w’ill die, because car.bonic.aci.d is._a p.oison, 
and_animals..cannot Ji.ve,Avithout.^plenty -o£ .oxygen 
toJbteathe.. 

Fortunately for us there .is .something at work 
to purify. .the.-air again. Let us see -what this is. 
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Take a large keaker full of water and pass 
carbpnic acid into it for a few minutes. Then get 
some fresh green leaves or 
water plants; place them 
at the bottom of the beaker 
and invert a large funnel 
over them, taking care that 
the whole of the funnel is 
under water. Over the 
inverted funnel place an in- 
verted tube full of water, 
as in the illustration. 

Then put the beaker 
and its contents out into 
bright sunshine and leave rig. 57. 

it. In an hour or two you will find that some 
bubbles of gas have collected on the leaves and 
that some have passed up the funnel into the tube. 
When a few c.c. of gas have passed into the tube, 
remove it and carefully introduce a glowing splinter 
of wood. You will find that the gas is oxygen. 

Here, then, is the key to the mystery. Elants 
take.3ip caihoiiic _ acid..gas ~andl_use_J t. _up.., giving 
l^k-oxygen. 

This is what plants are always doing. Thipugh 
tl^ pores in thejr le aves -plants breathe .in..carbonic 
acid aji33at_up the_ carbpn_ and Jthen _breathe out 
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pure oxygen. You can understand .no.w..why,ihe 
amount of carbonic, acid jn air does not increase, 
and you see how necessarj’^ plants are to animals, 
and animals to plants. Remember animals take 
u p ox ygen and g ive out caTbpnic_acid,; plants take 
up carbon ic'acid and give out oxygen. 

In a previous lesson it was mentioned that 
water can dissolve ox ygen and other gases. That 
is what enables fi shes ami other animals to live in^ 
water. They breath e the dissolved oxygen *^and 
■Sl'I® V*P carbonic,acid to the water, just as animals 
which live on land breathe oxygen and give up 
carbonic acid to the aii‘. 


XXXIII— HARD AND SOFT WATERS. 

Soft water. — If water readily form s-a—— lather:-” 
with good soap itJ s called so ft^ wate r. Take a little 
rain water, or distilleil water, and rub a [dece of 
soap in it, or moisten your hands with water and 
rub the soap between 5’our hands : you will soon get 
a white foaming “lather” as it is called. All 
waters which will give this lather are called “ soft ” 
waters. 

Hard water. — ^Now take some soft water and 
mix it with a little lime-water, about one part of 
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lime-water to four parts o[ water. Pass a current 
of carbotiic acid gas through the mixture. Of 
course the lime-water will turn milky,' but continue 
the current of carbonic acid for a long time and all 
the milkiness will disappear. 

This is what happens. The carbonic acid con- 
verts the lime into chalk, then as more carbonic 
acid is added to the water the chalk dissolves in it. 
Ohalk cannot dissolve in pure water but it dissolves 
in carbonic acid. 

Next take some of this solution and try to make 
3 Jstber with soap. Yoa /iwd it very diSioait. TJje 
water is now “ hard .^ Hard wa ters are those w’hicli 
do np.t readily-raakj^ajather witljL,soap. 

There are other things besides calcium carbonate 
which dissolve in water and make it hard. Gypsum 
or calcium sulphate is one of these substances. 
Gypsum can only dissolve very little in water-, but 
quite enough to make the water hard. Gypsum 
needs no carbonic acid to make it dissolve. Take 
a little finely powdered gypsum and shake it with 
w'ater filter and try to make a lather as before 
with the filtrate. You will soon see that the water 
is hard. 

Now water which is hard because calcium car- 
bonate is dissolved in it is different from water 
which is hard because of dissolved calcium sulphate 
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in one verj' important way. The former can be 
made soft by simply boiling it, but the latter cannot. 
Consequently water containing gypsum is called 
permanently hard, while that which contains 
calcium carbonate is called temporarily hard. Per- 
manent means “ remaining the same,” tempoi’arily 
means “ for a short time.” 

Take some of the water in which you dissolved 
carbonate of calcium by means of carbonic acid 
and boil it in a beaker. You notice two things ; 
first, gas is given off as the solution gets hot until at 
last it begins to boil, secondly, the water becomes 
milky again. 

What happens is veiy simple. At first when 
we pass carbonic acid into lime-water we get 
calcium carbonate or chalk formed ; then the chalk 
dissolves in more carbonic acid. When we heat 
this solution the carbonic acid is di'iven away 
until the chalk can remain dissolved no longer, but 
is precipitated. 

Wlien you liave boiled the water for 10 minutes 
filter it and again boil. If no more chalk is formed 
try the water again with soap. Y'ou will find it 
much softer than before. 

Permanently hard water cannot be made soft 
by boiling but it can be softened in another way. 
If you add some ordinary soda, (the proper name 
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is carbonate of soda) to water which is hai’d through 
dissolved g.vpsum tlie following change takes 
place : — 

Calcium Sulphate and Sodium carbonate give 

Calcium Carbonate (chalk) and Sodium Sulphate. 

Try this with the water containing gypsum, 
filter off the small quantity of chalk that is formed 
and see whether the filtrate is soft or hard water. 
Sodium sulphate does not make water hard. 

Hard Avater is not good either for drinking, 
Avasliing or for use in engines. In engines which 
have to use hard water the boilers get coated with 
carbonate and sulphate of calcium, and then they 
need much more fuel to make the water boil. 


XXXIV.-HA.ED WATER. 

How to measure the Hardness of water. — The 
hardness of water is measured by the amount of 
soap which is required to make a lather with a given 
volume of the water. The method is very simple , 
and you are to use it to compare the hardness 
of rain water, river water, well water, and tank, 
Avater. First make a soap solution. Scraj)e 10 
grams from a cake of good soap, so that you haA^e it 
in fine shavings. Put these into a -flask and cover 
them with a mixture of one part of alcohol to 5 part's 
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ol a distilled water. Warm (the flask gently ta 
boiling point and allow it to stand for an hour with 
constant shaking. Wlien all the soap lias dissolved 
make it up to a litre with water. Then each 100 c.c. 
contains 1 gram of soap and each cubic centimetre 
contains O'Ol gram of soap. 

Now get a bottle with a good cork and by means 
of the measure glass intioduce 50 c.c. of w'ater. 

Fill a burette up to the top mark with the soap 
solution. Add a few drops too much and adjust the 
level bj’^ means of the tap of the burette, taking 
care that the tap itself is also full of the solution. 

Then place the bottle under the burette and 
allow the soap solution to run into the bottle. First 
allow 1 c.c. to run in and shake the bottle well 
after you have added it. If no lather is formed 
in the bottle, add 1 c.c. more and so on till you get 
a lather. Suppose you get a lather after adding 
15 c.c. and did not get one after adding 14 c.c., then 
you know that between 14 and 15 c.c. is needed. 
Take another 50 c.c. of water in the cleaned bottle. 
Read the burette. Add 14 c.c. of soap solution 
of the water. Then shake well. Then add soap 
solution drop by drop and shake after each drop. 
In this way you will get the exact amount of 
solution required for 50 c.c. of water. Read the 
burette again. 
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Repeat this measurement tlu-ee times and enter 
in your note book as follows : — 


I.-TAP WATEB,. 
Volume of water taken = 50 c.c. 


^ of burette before experiment 

0-0 

Ditto 

after „ 

14-7 

Ditto 

before „ 

14*7 

Ditto 

after „ 

29 6 

Ditto 

before „ 

29-6 

Ditto 

after „ 

34-4 


:14*7. 


= 14-9. 


14-8. 

mean = 14*8 c.c. 


Thus 50 c.c. of water need 14*8 c.c. of soap 
solution or *148 grams of soap. 

Now repeat the experiment with water from 
some other source and enter your results in a 
similar manner. 

Then classify the waters in order of hardness. 




